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BECOMMENDATION& 



The |,liA«r portion of (his work, while in momufrifrf, was ezain- 
iued in parU hj the sererel gcntlemeQ, whose opinions are expietaed 

AleUtrJram Dtnuon Olmtied, LL.D., Pnfiaaar of NatKral PhOosB^ 

and AMrantimf in Yale CMegt, la lie antkor. 
Mt Deir Sir, 

I have penued the part of jonr manasmpt of jour contemplated 
work on MeCeorologv, which jou were to kind aa lo send me (embra- 
cing; Parts I., il. and 111.}, and am mach pleased with the maaner in 
which you have treated these inbjects; ihe selection of topics being 
in my view jiidicioas. and the style luminona, and well adaptee to 
readers of everr a^, whether learned or ODlearned,- 

I should rejoice to see such a school-book as I think yonrs will be, 
introduced into all onr schools and academies. No natoral science is 
more instraclire, more attractive, and more practically useful than 
Meteorology, treated as yon have treated it, wnere the philosophical 
eiplanations of the various phenomena of the atmosphere are founder, 
upon an eitensire induction of facts. This scieoce is more particu- 
larly interesting to the young, because it ezplaios so many things thai 



are daily occurring aronnd them, and it thus inspires a taste for philo- 
sophical observsiion, and what Is more, for philosophical reasoning. 
Il' every pan of the book is as well eiecnled as that which I bare read, 



I think it cannot foil to be received as a valuable addition lo 
of tezl-bodis. 



fVmi Benj'omnt SUHman, M.D., LL.D., Preftsser of Oimtistry, Phar- 
tnacy, if^, tn Yale Catlege. 

1 have with pleasure perused those parta of Prof. Brocklesby's MSS. 
on Meteorology, which bave been sent to me, and am much pleased 
with his judiciouB selection and combination of ttie facts sna jAilo- 
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Il RECOMMENDATIONS. 

^rat tlu Rev, T. H. GaUavdet and tU Riv. Horau Hooker, Autkgrs 
ef tie PraetiaU SptUing-book, and af Ikt Family and Sc/toot £>ic- 
tumarf. 

Having: ezamiaed, etch of qb, separate porlionsofPn^essor Brock- 
lesby'a work on Meteoroli^y, ami become acquainted with its general 
design and plan, ![ appears to ua worthy of beitig introduced inlo our 
higher Bchoola and academies. The subject is one in which erery 
intelligent mind should take an interest. It is or practical utility to 
all porlions of the rommunily, while mo«t of the natural phenomena 
it presents are within the range or common observation. Ttie style 
and execniion of the work are moal happily adapted to the use for 
which it was deugaed. 



fyem Iht Rev. CharUt A. OoodrieA, AiUker ef the flutory of tie Ont- 
led States, Family Eneydoptdia, 4-c. 

I have eramiued portions of Prof. Brocklesby's work on Meteorol- 
ogy with pleasnre and pro£t. Tbe subject is one of great interest, 
arising from the many carions atmospheric phenomena uf which ii 
treats. The plan ia simple snd comprehensive; the style clear and 
concise. The pupil is furnished with the means of explaining for 
himself manf of the pbenomeaa of nature of almost dailf occorrence; 
but which, wilhoQt some aid, he might either overlook or not under- 
Etand. That the study of the work will contribute to enlarge (he con- 
ceptions of the youthful mind of the wisdom and goodness of llie 
Author of nature, and thus prove an incentive to reverence and love 
Him, must be obvious, it is believed, to every intelligent reader. 



BxtractefaklttTtothePMbUihersfromDr. J. L. Comitock, Atdkor ef a 
Syitat of Natural Philosophy, IntreAaction to Mineralogy, Elemtnti 
of Chemislry, Intrediiction to Batan/y, OuUiiia of Geology, OuiUna 
of Physiology, ^c 

Prof. Brocklesby, of Trinity College, has sabmitted to my perusal 
a Treatise on Meteorology, written by himself, and with the arrange- 
ment and science of which I am much pleased. The Professor wishes 
to have his treatise published as a school-book, and considering the 
intwest which the several subjects il embraces eiciles in the minds of 
all^bglh old and youne, rich and poor, 1 see not why such a book, 
<K^M?lface. introduced, should not have a large circulaiiog. 1 see no 
r^SBte 9bj Meteorology, in many respects, has not as many claims 
at ^^hdohbook as Chemistry or Natural Philosophy. Indeed, 1 
jhtmld liK to see Prof B.'s book inlraduced into schools as a com 
panlon of my Philosophy. 
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PEEFACE. 



Metboroloqt ifl a subject of interesl to all. We live 
in the very midst of its pheaomena, and are constant!} 
subjected to their influence. Many of the singular pro- 
cesses of nature which this science unfolds, are intimate- 
ly connected with our being and happiness, while others, 
on account of their beauty and sublimity, M the mind 
with admiration and awe. 

The subject being one of universal interest, we might 
DBturally suppose it to be universally understood ; but 
such is not the case. Meteorology, as a science, is of 
recent origin ; for it is only within the space of a very 
few years that it baa nsen, through the efforts of many 
gifted minds, to the raok it deserves to hold amid the 
various departments of knowledge. 

Meteorology is a portion of Natural Philosophy, and 
in the colleges of our land, lectures upon this subject 
form a part of the regular academical course ; but no 
similar system prevails in our High Schools and Acade- 
mies. Nor is it to be expected ; since, with the present 
want of faciUties for obtaining information, the teacher 
would be obliged to devote an undue share of his time 
to the acquisition of the knowledge requisite for this 
object Neither can a text-book be procured; for the 
author is not aware that any dutinct treatise on this 
•cience is extant in the English language, except the 
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translation from the German of Eaemtz's " Complete 
Course of Meteorology ;" a work which, though exceed- 
ingly valuable to the advanced student, is not suitable 
for a text-book on account of its size, expense, and mode 
ofexecutvm. 

The present little work has therefore been prepared, 
not with the view of adding one more to the long list of 
Btudiee now pursued in our academical institutions; but 
for the purpose of bringing into general notice a rich but 
hitherto comparatively unknown field, within the do- 
mains of natural science. 

The author has therefore endeavored, while retaining 
all the important principles of Meteorology, to condense 
the subject as much as possible, in order that this ele- 
mentary treatise may be studied io connection with Nat- 
ural Philosophy, without consuming too much time. 

In regard to facts, they have been sought wherever 
it was supposed they could be found, and reference has 
been made in nearly all cases to the authorities whence 
they were taken. 

Should it be required a more extended treatise may be 
expected, adtqited to the wants of students in colleges. 

Hartford, July 7th, 1848. 

REFERENCES. 
(C. 967), Ibi example, denotes Comstock's PhUoiophjr, AiUcls 957, (laM 

adltion. 
(Att. 132), tat uun^ Agnote* Ardde 13Z of Ihfa mA. 
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METEOROLOGY. 



1.' MeTEOROLOOT 18 THAT BBANCH OP NATCBAL 
SCIENCE WHICH TREATS OF THE ATMOSPHERE AND 

ITS PHENOMENA. The subject uiay be propedy divided 
into aix parts. 

2. Part I. THE ATMOSPHERE. 
'Part II. AERIAL PHENOMENA— ctwwprcAent^ 
ing Winds in general, Hurricanes, Tonundoes, and 
Waterspouts. 

Part III. AQUEOUS PHENOMENA— wirfuding- 
Rain, Fogs, Clouds, Dew, Hoar-frost and Snow, and 
Hail. 

Part IV. ELECTRICAL PHENOMENA— com- 
prising Atmospheric Electricity and Thunder-storms. 

Part V. OPTICAL PHENOMENA— inciMrfing- 
the Color of the Atmosphere and Clouds, Rainbow, 
Mirage, Coronas, and Haloes. 

Part VI. LUMINOUS PHENOMENA— ««iAra- 
cing Meteorites, Shooting Stars and Meteoric Showers, 
and the Aurora Borealia. 

What 1b Meteorology 7 

Into how maof parls la it divided t 

Retamrte iha Mvenl puis with thalr lubject*. 
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PART I. 



OF THE ATMOSPHERE. 

3. As tbevcommoa properties of the air, viz., weight, 
fiuidily and elasticity, are supposed to be already known, 
C. 502,) we sliall proceed at once to the discussion of 
he entire body of air, termed the atmosphere ; and first 

of its pressure, which is ascertained by the barofnefer, 
an instrument so called from the Greek words, baros. 
weight, and metron, measure. 

BASOMETSR. 

4. This instrument is of the highest importance ir 
Meteorology, and requires a minute description. It' is 
thus constructed. Into a glass tube, about three feet 
in length, open at one end and closed al the other, mer- 
cury is poured until it is full ; the open end being now 
closed by the finger, or any other means, the tube is in- 
verted, and the lower end immersed in a vessel of mer- 
cury. When beneath the surface of the fluid the end 
is unstopped, and the column of mercury within the tube 
then settles down, until its summit is about Mir^y inch- 
es above the level of that within the vessel. The space 
above the column in the tube is a void, and is called 
the Torricellian vacuum, from Torricelli, the name of 
the Italian philosopher, who first constructed this instru- 
ment. 

5. jf%e column of mercury within the tube is sup- 
ported above the level of that in the vessel, by the up- 
ward pressure of a column of the atTnosphere, havitig 
the same base as itself. 

What 1b the atmosphere? 

How is its presBure sscerlained T 

How U the baroniBler made 1 

Wbal mpport* lb* column of ■norcmy 1 
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BAKOMETEB. 15 

6. Thus, in fig. 1,, the atmospheric ^■'■ 
column aa, of indefinite length, but of the 
same size aa the bavometric column Db, 
presses upon the mercury in tlie veeael. 
K, with a force equal to its own weight; 
now since any force, acting upon a fluid, 
is communicated in every direction, this 
pressure will be transmitted through the 
mercury, in the direction of the arrows, * 
and acts a( D, within the tube, against 
the mercurial columo Db, This upward 
force will be resisted at D, by the weight 
of Db, and the mercury will sink in the 
tube until the two pressures counterpoise 
each other, in exactly the same manner 
as two equal weights in the opposite scales 
of a balance. 

7. From these considerations, it is man- 
ifest, that the weight of the atmospheric 
column a a is equal to that of the mercuri- 
al column, Db of thesame base ; and this 
weight can be estimated in the fallowing 
manner. If the base at D contains one 
square inch, the column Db, at its uxual 
height, will contain, nearly, 30 cubic inches ; and since 
one cubic inch of mercury weighs 3426.76 grains, the 
weight of thirty will amount to 102803.8 grains. 

This product being now divided by 7004, the numbei 
of grains in a pound avoirdupois, the result will he 
nearly 14.7 lbs. ; a quantity equal to the weight of the 
barometric column, and consequently to the pressure of 
the atmospheie on every square inch of surface. 

8. Any increase in f he density of the atmoaphere will 
be denoted by an elevation of the mercury, and a de- 
crease by its depressitm. The cause of this is obvious, 
in the first case, a a becomes heavier, and requires more 

Ei plain Figure 1. 

How la the pressure of the atmoephere, on ffnrj aqiure Inch, compnlsd 1 

Haw doe* tay dunge in tho duultj of thi air (fleet Che hatght of tht 



f 
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16 THE ATMOSPHERE. 

mercury to balance it ; therefore Db is lengthened. In 
the second case, a a is lighter, and, as a leas quantity of 
mercury will theu balance it, Db is shortened. Such 
changes are constantly occurring, but are very minute, 
and, in order that they may be accurately indicated, the 
instrument must be made with the nicest care. 

9. To secure a perfect instrument, it is essential that 
the mercury should be free from any solid impurities, 
else the summit of the column will either be above, or 
below, its proper level, according as the foreign matter, 
mixed with the mercury, is lighter, or heavier, than the 
fluid. This end is attained by straining the mercury 
through chamois leather. If it is amalgamated with 
zinc, or lead, it is purified by washing it with acetic, or 
sulphuric acid. 

10. When the tube is filled, moisture and small bub- 
bles of air are found adhering to its interior surface, and 
are also contained in the mercury. These, if not expell- 
ed, will ascend when the tube is inverted into the Torri- 
cellian vacuum, the moisture rising io vapor. By theii 
united elastic force, the ascent of ihe barometric column 
will be checked, whenever any increase in the density 
of the atmosphere tends to elevate it. 

11. This source of enor is removed by boiling the 
mercury in the tube. When all tbe air and vapor are 
expelled, the tube, if gently struck, will give forth a dry, 
metallic sound ; but if a bubble of air remains, the sound 
will be dull and heavy. By connecting the open end of 
tbe tube with an air pump, during the process of boiling, 
Dr. Jackson, of Boston, has still more effectually remov^ 
this imperfection. 

12. By these means, tbe air may perhaps be totally 
excluded, when the instrument is first constructed ; bat 
in the course of time, it will again insinuate itself be- 
tween the glass and the mercurial column. To pre- 
vent this evil. Prof. Daniell, of King's College, LondoO; 

what precBulionB ars adopted ta secure a perfect barometei 1 
How U ibfl mercury puilfied, mi why 7 
How ue moisture nod air eipellett from Ibe lobe, and whyl 
Whatli ProC Dantell'almpTovameDtl 
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BAaOMETER. 17 

welde U) the open end of the glass tube a ring of plati- 
Dum, which possesses a greater affinity for mercury than 
glass. The mercury adheres cloeely to the platinum, 
tilte water, and the passage of air, according to all ex- 
periments, appears tnus to be effectually prevented. 

13. Since the constant changes in the weight of the 
atmosphere produce corresponding fluctuations in the 
height of the barometer, a scale is placed near the top 
of the tube, extending from twenty-seven to thirty-one 
inches, a space, which includes, at the surface of the 
earth, ail the fluctuations of the column. This scale is 
divided into tenths of an inch ; but, as the variations of 
the barometer are exceedingly minute, a contrivance, 
called a vernier, is annexed, by which a change, to the 
extent of one five hundredth of an inch, can be easily 
measured. 

14. As the surface of the mercury, in the reservoii', is 
raised by the descent of the column, and depressed by 
its elevation, any change in the height of the barometer 
cannot be accurately estimated, while the scale remains 
in the same position; unless this sui-face is always 
brought to the same point, befoie taking anobs<!rvation. 
The necessity of eo doing will be obvious, from the fol 
lowing illustration. 

Suppose the surfacef of the mercury in the cistern K, 
figure 1., to be ^fty square inches, while that of a hor- 
izontal section of the column is but one. Should the 
barometer sink one inch, the surface of the mercury in 
the cistern will rise one fiftieth of an inch, and the 
amount of the depression of the column, if measured 
from this surface, will be only forty-nine fiftieths of an 
inch, instead of one inch, iu true depression. 

15. The contrivance employed by Fortin, a celebrat- 
ed French artist, to remove this error, consists in ad- 
justing to the cistern K,fig. 1., a movable bottom, which 
can b« elevated or depressed, by means of the screw 



What is the length of the baroiuetiic scale 1 

How BtDall a vaiialion In height can be measureci 1 

n bat is Portin's coDtiivance, and for what pntpow odoptad t 
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18 THB ATHOBPHBRG. 

P, until the surface of the mercury shall just touch the 
fised ivory index L, at its lower extremity ; which point 
is the zero of the scale, or Ihe place from which the 
height of the barometer heffins to be reckoned. 

16. When, by adopting toe previous precautions, the 
barometer hae been so fer perfected, two corrections 
ire still necessary, before recording observations; the 
Irst for teniperature, and the second for capillaritp. 
That of temperature depends upon the expansion oT 
-.be mercury and the scale; the latter being partially 
jorrectivB of the former, inasmuch as the divisions of 
measurement upon the scale, lengthen, at the same 
time, with the column of mercury. 

17. Temperature. Mercury dilates, for every de- 
gree Pah. about one ten -thousandth part of its bulk, 
taken at the freezing point. The expansion of the scale 
varies with the metal of which it is composed, but its 
amount is, usually, so small, that it may safely be neg- 
lected ill the required correction. Hence the following 
practical rule has been adopted, for reducing any ob- 
served altitude of the barometer, ro the corresponding 
altitude, at the freezing point. " Subtract the leii-thau^ 
scmdih pari of the observed ailitude, for every decree 
above the freezing point.'' Thus, if the barometer 
stands at 29 inches, and the thermometer at 62°, the 
required correction is 20 x .0001 x 29 = 058. If the 
temperature U below 32°, the correction must be added. 
To facilitate these calculations, a thermometer is always 
attached to the barometer. 

18. Capillarity. By capillary attraction is (C 53,) 
understood, the force exerted by the interior surface of 
small tubes, upon the fluids contained within them. 
When the fluid moistens the tube, it risea above iis pro- 
per level ; but when it does not, as in the case of mer- 
cury, it sinks below it. From this cause, a depression, 
termed its capillarity, occurs in the barometer, the extent 



Wb]r i* caplQiritT ■ loiuce of er 
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of which is dependent upon the size of the iDterior diam- 
Bler of the tube, and a correction for this must be added 
La the apparent height, in order to obtain the true alti- 
tude. In tubes of a small bore, the error from this 
Boui'ce is considerable ; but when the diameter exceeds 
half an inch, it becomes so small, that it may safely be 
neglected. This will be rendered evident by the inspec- 
tion of the following table, which gives the amount of 
depression for tubes of various sizes. 

DIuHUr of uibg. Dopitnimi. 

.10 1403 

.20 0581 

.40 0153 

.50 0083 

19. When the instrument is not stationary, but is 
carried from clime to clime, and to dilTerent heights 
above the sea-level, two other corrections are necessary ; 
one for the varying force of gravity, in different latitudes, 
and the other for the change of pressure, which dimin- 
ishes with every increase of altitude above the ocean. 

Such is the barometer, an instrument of great prac- 
lical use, and of the highest value in meteorological re- 



FKBSSDEIi OF THE ATMOBPHEBE. 

SW. Variation in Latitude. The mean or average 
pressure of the atmosphere, as indicated by the barom- 
eter, is found to be nearly the same in all latitudes, 
when every essential correction is made. It increases 
a little from the equator to about the 30th degree of 
latitude, where it is greatest ; it then decreases to nearly 
the 64th degree, where it is least; after this it again 
increases, and between the 75th and 76th degrees, the 
pressure is equal to that of the equatorial climes. All 

lahgTsaier in lubea of a amall or large boral 

When the baramelsr Is portable, what oLber coitectioiu are necawiry ? 

What ia aaid of the baiomeler 1 

In wtul tnnnner does the preMure of the atmoHphere vary In Udtude I 
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this ia obvious from the following table, founded upon 
observations, where corrections are made for gravity, 
altitude above the sea-level, and temperature. 



,L*C«. 


L*T.... 


."lo«^«. 


Cpe Of Good Hope,. 

Chmtianburg, . . . 


33= N. 
64° N. 
75' SO- N. 


29.965 
29.796 
30,127 
29.598 
29.801 



21. The pressure of the atmoaphere at any given 
spot is not invariable ; for the height of the barometer 
is perpetually changing throughout the year. The ex- 
lent of its fluctualiojis ia, however, by no means the 
same in all places, being least at the equator, and great- 
est towards the poles. Thus its range within the tropics 
is but a little more than one-fourth of an inch; at New 
York, 40° 42' 40" N. lal., 2.265 inches, from the observa- 
lioDS of five years ; at St. Johns, Newfoundland, 47° 34' 3" 
N. lal., 2.54 inches, during ihe same period ; while in 
Great Britain it amounts to three inches. The greatest 
fluctuations occur between the 30th and 60th degrees ot 
latitude. 

22. There is also a constant daily variation in the 
atmospheric pressure, for the barometer, as a general 
rule, falls from 10 o'clock, A. M. to 4, P. M. ; it then 
rises until 10, P. M., when it again begins to descend, 
reaching its lowest point at 4, A. M. ; from this lime it 
rises, until it once more attains its highest elevation, at 
10, A. M. These variations are exceedingly minute, 
and contrary to the annual range, are greatest at the 
equator, and decrease with the latitude ; disappearing 
about ihe parallel of 60°. 

23. This variation amounts at 
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FLiO... 1 L*T.TDD.. 


I»C»». 


Rio Janeiro, . . . 

Lima 

Ctdcutta, 

St. Pelersburg, . . 


12° 64' S. 
12° 3' S. 
23° 36' N. 
69° 56' N. 


lo .067 
to .005 



In the tropical regions, according (o Humboldt, bo reg- 
ular are the diurnal changes, that the barometer indi" 
catee true time, within a quarter of an hour. 

These daily ductuaiione, in the atmospheric pressure, 
for a long time, peiplexed meteorologists, but their cause 
has, at length, been discovered, by means of the late ob- 
servations, at the English observatories. They ara 
found to arise from the stated variations in temperature, 
that occur during the day. 

24. Variations IN Altitude. As we ascend above 
the surface of the earth, we leave a portion of the at- 
mosphere below us, and are freed from its pressure. 
This fact is denoted by the fall of the barometer. When 
De Luc, a French philosopher, ascended to the height 
of 80,000 feel, hit* barometer sunk to twelve inches. In 
1838, the aeronaut Green, rose from Vaushall gardens, in 
London, to an elevation of nearly three miles and three 
quarters; the mercury in the barometer gradually de- 
scending, from thirty inches lo fourteen and seven-tenths. 

25. As a general rule, this depression, near ihe sur- 
face of the earth amounts to one-tenth of an inch for 
every eighty-seven feet in altitude ; but where perfect 
accuracy is required, several corrections must be made. 
The barometer then becomes, in the hands of skillful 
observers, an important instrument for determining alti- 
tudes, and BO exact are its indications, that two inde- 

GiTB examples. 

WbnllBuIdby Humboldt oftlteiT regularity in the tropical 
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peudent estimates of the height of Mount JGtna, made 
oy means of this instrument, differ only one foot ; that 
of Capt. Smyth being )0,874 feet, while Sir John Her- 
schel's is 10,873 feet. 



SEHSTTT OF THE ATHOSPHEEE. 

26. When one portion of the atnioephere is said to 
he more dense than another, all that ia meant is simply 
this ; tliat a given volume, or bulk, ofthejirst portion, 
as one gallon, contains more atrial particles than an 
efutU volume of the second ; thus, if it contains twice as 
many particles, it is said to be twice as dense. 

27. The density of the atmosphere decreases with 
the altitude. This result is caused by the diminished 

fresauie of the air, and the decreasing force of gravity. 
magine the almosphere to be divided into a vast num- 
ber of thin, concen- „, , 
trie strata, which in 
figure 3, are repre- 
sented by the spaces 
between the lines 
1-2, 2-3, 3^1, 4-5, 

&.C. 

Now it ia clear, 
that the panicles in imowHBHo itbata. 

each layer are pressed together by the whole weight of 
the atmosphere above them, while, at the same lime, 
they are drawn together by the foice of gravity. Vari- 
ations in the latter power are only appreciable at great 
distances from the earth, and the obseiTed changes in 
density, at two or more stations, may therefore be as- 
cribed to the difference in the weight or pressure, of the 
superincumbent atmosphere. The height of the barom- 
eter, at different elevations, thus denotes the density of 
the air at these points. 




WhsQ \a one portioa of the atmoiphere deom Ihan anolhsr 1 
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28. The density, however, ia not exactly proportioned 
lo the pressure, alight modifications arising, from sev- 
eral causes ; the most important of which is tempera- 
ture. The heat of the atmosphere decreases with the 
altitude, and since heat expands, and cold contracts, a 
given volume of air, rHth part of its bulk, at SS-', for 
every degree Fah,; or in other words, thus lessens and 
increases its density, a correction must be made for this 
influence. 

29. It has been found by calculation, combined with 
observations, that, if the altitudes are represented by an 
increasing arithmetical series, the densities of the at- 
mosphere decrease in a geometrical progression. Thus, 
if at the height of 18,001) feet the air, as the barometer 
indicates, is but half aa dense, as al the surface of the 
earth; at 36,000 feet it will be reduced lo one-fourth, 
and at 54,00f) feet to one-eighth of its original density. 

30. The rarefaction of the air at lofty elevatious, les- 
sens the intensity of sound, impedes respiration, and 
causes the minute veins iif the body to swell and open. 
Thus, at a short distance, the report of a pistol upon the 
summit of Mont Blanc, can scarcely be heard. Gay 
Lussac and Biot, ascending from Paris, in a balloon, to 
the height of 25,000 feet, breathed with pain and diffi- 
culty, and upon the high table lands of Peru, the lips ot 
Dr. Tschudi, cracked and burst ; while the blood flowed 
from the veins of his eyelids. 

In consequeitce of this diminution of pressure, water 
boils, in sucn situations, at a comparatively low tempe- 
rature ; thus, at Quito in Equador, 9,537 feet above 
the sea level, ebullition takes [Hace at the temperature 
of 196° Pah. 

In what manmr does temperature affect the dendtyl 

What ia the law of decrease in reference to altitude ? Ulaetrate. 

What are the efiecis of a rarafied atmosphere 1 Give Instances. 
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VEIOHT OF THE ATHOBFHERS. 

31. We have seen, that a column of mercury, about 
thirty inches in height, weighs, at the surfoce of the 
earth, exactly the same as a column of the atmosphere, 
possessing the same base. If then the globe was cov- 
ered with an ocean of mercury, thirty inches in depth, 
the latter would ocxiupy the identical base thai the at- 
mosphere does now, and liieir respective weights might 
be regarded as equal. 

32. Under this supposition, the diameter of the earth 
would he increased five feet. The dilTerence then, in 
cubic feet, between the solidity of the earth, and that of 
a globe, whose diameter is five feet greater, will equal 
the number of cubic feet in the aea of mercury. This 
number multiplied by the weight of a cubic foot of mer 
cury, viz. 848,125 lbs., will equal thai of the whole mass, 
which is the sameasthe weight of the atmosphere. This 
calculation has been made, and amounts to more than 
jive thousand biUiona of tons. 

TEHPEHAT1T&E OF TBE ATUOSFH£BE. 

33. The entire body of air surrounding the globe ap- 
pears to be warmed in two ways ; first by the luminous 
beams of the ami, secondly, by the radiation of heat 
from the earth. 

34. According to Kaemiz and Martin, the atmo- 
sphere absorbs nearly one-half the daily amount of heat, 
which emanates from the sun to the earth, even when 
the sky is perfectly serene. The remaining portion fall- 
ing upon trie surface of the ground, elevates its tempera- 
ture, and the earth sends back into the atmosphere rays 
of invisible heaL 

35. Modem researches have shown, that all bodies, 
through which heal can pass, absorb a greater propor- 

Uowia the weight of the stmoBphere computed 1 
How many teas does ti wdgh 1 
How it the Xmoiphere wanned 1 
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lioD of noD-luminoDB, than of lununoiiH calorific rays. 
The heat, therefore, that radiates from the earth, will 
not pierce the atmoepiiere, witli the power of tlie solar 
ray ; all will be retained by the lower strata of air, 
which in their turn, difl'use invisible thermic rays, in 
every direction. 

36. We thus perceive, what all obaervations have 
proved, that the upper regions of the atmosphere must 
be colder than the lower. It is not, however, to be for- 
gotten, that the rarefaction of the superior strata con- 
tributes to this condition. 

THBBMOMETEK. 

37. The temperature of the atmosphere is indicated 
by the thermometer, an instrument, which derives its 
name from the Greek words, thermos, warm, and metron, 
measure. It coDsista of a small glass tube, terminated 
by a buib, and is partially filled with mercury. 

This fluid is usually preferred for several reasons, the 
most important of which are, its uniform dilation, its 
^uick susceptibility to any change in temperature, and 
the great range of its expansion in the fluid state. If 
the instrument is to be exposed to extreme cold, alcohol 
must be used. 

3S. As mercury, like other fluids, expands by heat, 
and contracts by cold, its alternate elevations and de- 
pressions within the tube, can be made to indicate the 
corresponding changes in the state of the air, if two 
fixed temperatures can be found, whence to reckon the 
changes. These have been discovered. Ka therniom- 
eler is immersed, at different times, in melting snow, 
the column of mercury invariably sinks to the same 
place in the tube, though many months may have 
elapsed between the experiments; and, when exposed 
to the steam of boiling water, the mercury always as- 

1« It heated moM hf lumlnoiu or non-lumliiouR heat 1 

Are the upper or iaatr regloDsaf the almoaphare th« waTmeatl 

How li the lemperature of the atmoaphere meaaured'? 

Deacribe the ihermometer. Why 1b mercury used? 

How sr« the two Sied temperatiirea obtatnad 1 
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cends tu the same height, under the same atmospheric 
pressure. 

39. These iavariable positions, which are termed ilie 
freezing and the boiling points, are marked upon ihe 
scale to which the tube is affixed. In Fahrenheit's ther- 
momeler, figure 3., the interval p, ^ 

between them is divided ioio 180 *' 
parts, each of which is called a 

degree (1°) and as the freezing ' »°"'»«p«'>"- 

point is marked 32°, the boiling 
IS therefore 212°. The divisions 
are extended downwards from 
38° to 0, or the zero point, and 
when extreme degrees of cold are 
to be measuved, the range is con- 
tinued to 20°, 40°, and even 60° ^^^ ^^ 
below zero. If the air is colder 
than 40° below zero, a spirit tiier- ■ ■ ■ ^"^ 
mometer must be used, since mer- 
cury becomes solid at this tem- 
perature. When Simpson, a late 
northern traveller, wintered, in 
1838, at Fort Confidence, 67° N. 
lat, he cast a bullet of mercury, itSaSoiii™ 
the temperature being 49° below 
zero. Upon firing the ball, it passed through an inch 

Elank, at the distance of ten paces; but flattened and 
roke against the wall, three or four paces beyond. In 
addition to the mode of graduation adopted by Fahren- 
heit, several others prevail {C. 670), which it is not ne- 
cessary here to discuss. 

40. The thermometer employed for meteorolt^cal 
purposes, should be made as accurate as possible, and in 
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order to eoBure its perfectioa, many niceties must be cfe 
served in its construction. 

41. First. The tube should be of equal size 
throughout the whole stem ; else the same increase of 
temperature will not produce tlie same increase in the 
height of the mercury, throughout every part of the 
tube ; and so of the decrease. 

Secondly. The bulb should be large in proportion 
to the tube ; for then slight changes in temperature will 
be rendered peicepttble, and the delicacy of the inetni' 
nient increased. 

Thirdly. The mercury should be pure, dry, and 
recently boiled, in order lo free it from air ; and, when 
in the tube, should there again be boiled, to drive off 
any air or moisture collected within. 

Lastly. When the mercury is at the summit of the 
lube, and every thing else has been expelled, the top of 
the tube must be perfectly closed by the fusion of the 
glass, leaving, when the mercury has cooled, a void 
space or vacuum above. 

42. When a thermometer has been exposed to great 
changes in temperature during the course of a year, 
the position of the freezing point upon the scale is 
found to be somewhat altered ; for, if the instrument is 
then placed in melting snow, the mercury is usually 
seen to stand a little higher than 32°, and less than 33". 
This change would occasion a constant error in the ob- 
servations, and meteorologists therefore verify their 
thermometers at stated intervals, in the way just men- 
tioned. 

8ELF-HEOIST£alNO THERUOIOETEB. 

43. The object for which this instrument is con- 
structed, is to Main, in Ike absence of the observer, the 
highest and lowest temperature of the day, or of any 
other interval of time. 
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One of the moat correct thermom- 
eters of this kind, now in use, is that 
invented by Mr. James Six, of Col- 
chester, which is represented in Fig. 4. 

It consists of a long glass bulb, G, 
narrowing into a fine tube, which is 
first bent downward, forming the 
arm a b, and then upwards, forming 
the arm c d, which terminates in a 
small cavity, L. The two arms con- 
tain mercury, which extends down 
from a on one side, and up to c on 
the other : the bulb and the rest of 
the tube are filled with alcohol, ex- 
cept the upper part of the cavity L, 
Upon the lop of the mercury in each 
arm rests an index (which is more 
perfecily seen at A), consisting of a 
piece of iron wire capped with ena- 
mel, and loosely twined with a fine 
glass thread ; when the mercury de- 
scends, the index would fall, were it 
nut for the glass thread, which, press- 
ing like a spring against the sides of 
the lube, supports the index, in any 

position. ga't. BILF HBaiiUKIHO 

44. The action of the iijstrument thikiiojibtsh. 
is as follows : When an increase of temperature ex- 
pands the spirit, the mercury is depressed in the arm 
a b, and elevated in c d, carrying the index up with it. 
If the temperature now falls, the spirit contracts, and 
the mercury descends in c d ; but the index remains in 
its last position, from the pjessure of the glass spring 
against the tube ; and, as it does not fit tightly to the 
latter, the alcohol above it fiows readily by. 

As the cold augments, the mercury rises in a b, bear- 
ing up the index of this arm, until an increase of tem- 
perature occurs, when the mercury here falls, and the 
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index continues stationary. Thus, the highest point to 
which the index nses in the arm, a b, indicates [he least 
temperature, and that in cd the greatest, that happens 
in any interval of time, as a day, or a year ; and the 
scale, as is evident from the figure, is gra!duated arMH>id- 
iDgly. 

45. After every obGervatioD, each iadex requires to 
be adjusted ; this is done by means of a magnet, which, 
being moved down the side of the arm, draws the index 
after it. 

Another instrument of this kind was invented by 
Rutherford, (C. 575.) 

MEAir SAILT TEMFERA.TDBE. 

46. The rwan or average temperature of the day, 
would be accurately found by observing the thermom- 
eter at intervals of an hour during the whole twenty- 
four, and dividing the sum of the temperatures by the 
number of observations, viz., twenty-four. This method 
is however loo laborious, and meteoroli^sts have en- 
deavored to arrive at the same result from two or three 
daily observations. 

47. According to Kaemtz, a celebrated German me- 
teorologist, if, in Germany, the thermometer is noted at 
6, A. M., 2, P. M., and 10, P. M., and the sum of the 
temperatures divided by three, the quotient will iliifer 
but little from the true mean. The rule adopted in the 
State of New York, under the direction of the Regents 
of the University, is as follows : 

Mark the teruperature, first, between daylight and 
sunrise ; secondly, between 2 and 4, P. M. ; thirdly, an 
hour after sunset : add together the first observation, 
twice the second and third, and the first of the next 
day, and divide the sum by air ; the result will be the 
mean. 

The mean daily temperature at Philadelphia has 
been found, from the hourly observations of Capt. Mor- 
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decai, to be one degree less than the temperature ai 
9, A. M. 

48, By taking the average of all the mean daily tem- 
peratuFes throughout the year, the mean annual tem- 
perature is ascertained. It is also obtained by the aid 
of the self-registering thermometer, the average of the 
two extreme temperatures being regarded as the mean 
of each day. 

49. Variations of Temperature in Latitudk. 
By comparing situations differing widely in latitude, it 
is found that the average annual temperature of the 
atmosphere diminishes from the equator towards either 
pole. Ttiia will be seen from the annexed table, which 
presents the results at the sea level, for nine places. 



r..c«. 


L4T. 


T,«P. 


PLACES. 


LAX. 


•mm. 


Falklaod iBlee, 
Buenos Ayres, 
Rio Janeiro, . 
Maranham. . 


510S. 
34° 36' S. 
22=56' S. 

S=34'N. 


6J°.6 
73= .96 
81° .32 
81= .32 


London, . . 
MelvilJe I^, . 


22°35'N. 
32°05'N. 
5l°31'N. 
74°47'N. 


64° .58 

50= .7a 

1.6G be- 
low «ro. 



50. Prom this tahle it is also evident, thai places hav- 
ing the same latitudes, in the two hemispheres, do not 
necessarily possess the same average temperature. 
This js owing to a great variety of local causes, the 
effect of which cannot always be accurately estimated. 

51. Variations in Altitude. The temperature of 
the air diminishes with the altitude, but the law of de- 
crease is very irregular, being affected by the latitude, 
seasons, hours of the day, and a diversity of local cir- 
cumstances. It may however be assumed, as a gen- 
eral rule, thai a loss of heat occurs to the extent of one 
degree Fah.for everyZ^feet of elevation. This is aD 

How la the mean annual lemperalure foundl 

How doee ihe temperature of the atmoaphere vary in reaped to latitude I 

Give eiamplea. 

Do like tatiludea in dil!ereDt hemlapheres have the same temperature 1 

How t« the lemperatuie aSected bj altitude 1 

What U the general law of decraaae t 
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Average result, for the rate of decrease ia very rapid near 
the eai'tb, after which it proceeds more slowly, but at the 
loftiest heights is again accelerated. 

62. During the winter of 1838, the French scientific 
commission etalioned at Bossekop, in West Finmark, 

■ 69° 58 N. lat., found this law paitially reversed, amid 
the rigors of a polar clime ;. tue temperature of the 
atmosphere iucreasing, nearly, 3° Fah. for the first 328 
feet in height ; beyond this limit it began to decrease, at 
first slowly, but afLerwards with greater lapidity. Dur- 
ing the summer, the temperature decreatied with the 
altitude. 

63. As a consequence of this gradual reduction of 
heat, a point at length may be attained, in any latitude, 
if we continue to ascend, where moisture, once frozen, 
always remains congealed. Hence, arise the eternal 
snows and glaciers, that crown the summils of the high- 
est mountains. 

54. Since the mean temperature of the air is highest 
at the equator, and sinks towards either pole, the points 
of perpetual congelation are farthest removed above the 
ocean-level within the toiriil zone, and gradually ap- 
proach nearer the general surface of the earth, with the 
mcreastj of latitude ; as the following table shows. 



FLACBB. 


.„„„.. 


,^,':;tVA"«o":. 


StrallB of Magellan, . . . 

*:iiia 

Kamschalke, 

lela of Mageroe, Norway, 


B4°8. 
41° 
00= 

19° N. 
37=30- 
66° 40- 
71° IB' 


3.70fi feet. 
6,009 '■ 
1B,S0T " 
14,763 " 
9,531 " 
6.24B ■• 
2,362 " 



65. A striking departure from the rule exists, how- 
ever, in India ; for while on the south side of the Him- 
malehs, the snow line occurs at the height of about 

Was it found irae at BoMekop 1 

Whal results from thfe gradual law o( heat t 

When are Ihe points of paipetual congeladon neaien to ibeoeeaDt 

Wli«e futhesi from It 1 Give examplw. 
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13,000 feet, on the Dortbera acclivity it rises to the alth 
tude of 17,000. Many explanatiODs of this singular fact 
have been given, which admit not of discussion here. 

KUHIDIT? OF THE ATH0B7HEBE. 

56. At all temperatures moisture resides in the atmo- 
aphere, self- sustained, in an invisible state. Between the 
particles of air intervals are believed to exist, which are, 
either partially, or wholly, Med with the vapor that 
constantly rises from the earth. 

57. This peculiarity in the constitution of the atmo- 
sphere is termed the capacity of the air for nioislure, 
and when the intervals are full of vapor, it ia said to be 
saturated. An increase of temperature, by dilating the 
air, separates the particles farther from each other ; the 
intervals are thus enlarged, and the capacity of the air 
increased. A dim,inution of temperature is followed by 
contrary effecls; the size of the intervals is then redu 
ced, and the capacity lessened. 

58. The capacity increases, however, at a faster rate 
than the temperature. A volume of air, at 32° Fan. is 
capable of containing a quantity of moisture, equal to the 
160lh part of its own weight ;. but for every twenty^ievef 
additional degrees of heat, this quantity is doubled. 

Thus a body of air can contain, 

At 32° Fah. the 160th part of its own n-eigbt 
" 69° " 80th « " 

" 86° " 40th " " 

" 113° " 20ih " " 

From this it follows, that while the temperature ad- 
vances in an anihmetical series, the capacity is accel- 
erated in a geometrical progression. 

What depufWre from this rale eiiglB 1 

What doeg th« atmosphere cODtaln al all (emperatnreti 1 

What ie meant b; the oapadiy of ibe air fbr oioiatuTe 1 

When ie (he air said to Im satuialedl 

What ia the effect of heal upoa the capadtf 1 

Whai lip the eOect of roid 1 

Which Incttasea at (he fiunoat nte, tempenture or capacliy 1 

GiTB instances. What ia (he rule in respBC( (o temperature and capadlj 1 
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59. ABaoLCTEHoMiDtTT. From the cause just meo- 
tioned, it would naturally be inferred, that the quantity 
of atmospheric vapor, or the absolute hufnidity, is gieat- 
est in the equinoctial regions, and diminishes towards 
either pole ; a conclusion abundantly supported by facts 
as will be shown hereafter. 

fiO. The air over the ocean is always saturated, and 
upon the coast?, in equal latitudes, contains the greatest 
possible amount of vapor ; but the quantity decreases as 
we advance inland, for the atmosphere of the plains of 
Oronoco, the steppes of Siberia, and the interior of New 
Holland, is natuially dry. 

61. The absolute humidity diminishes with the alti- 
tude, but the rate of reduction is not fully known. By 
comparing different seasons and hours, it is found to be 
greater in summer than in winter, and less in the morn- 
ing than at about mid-day. 

62. Relative Humidity. This must not be con- 
lounded with absolute humidity. By relative humidity 
is understood the dampness of the atfnosphere, or its 
proximity to saturation ; a state dependent upon the 
mutual intlueiice of its absolute humidity and tempera- 
litre ; for a given volume of air may be made to pass 
from a state of dampness, to one of extreme dryness, by 
merely elevating its temperature, without altering, in the 
least, the amount of moisture it contains. 

Thus one hundred and sixty grains of air, containing 
one grain of vapor, would be damp at 36° Fah., but hot 
and withering at the temperature of 90°. By the reveise 
of this process, a body of hot air will not only become 
humid, but will even part with a portion of its original 
moisture, if it is cooled down to any great extern. 

63. From the numerous observations of Kaemtz, at 
Halle, and on the shores of the Baltic, it appears that 

Whal Is ahtoluie humidity 1 Wliere is abeolule hnmidil; the greateat? 
How di>ea it dimioish 1 VVIiere Is the air always SBturated 1 
Whal Is ssid of inland regions') Wbal U Itie effect of aidtudel 
CompBte summer and winter, monilng and niid-daf . 
What ii re2aiiBt humidltyl Upon whal does It depend 1 liluatrate iho 
cfiecu of B change of temparatun, the abaolnte bmuldlir being (he lun*. 
2' 
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the relative humidity, in those eituations, is highest in 
the niorniog before sunrise, and lowest, or farthest re- 
moved from the point of saturation, at the hour of the 
greatest diurnal beat. Corresponding results have been 
obtained in this country. 

EYaSOUETES. 

64. Those instruments by which the humidity of the 
atmosphere is measured are called hygrometera, from 
the Gi'eek words ugros, moist, and metron, measure. Of 
these there exiets a great variety, differing both in form 
and piinciple; but those are esteemed the most accurate 
in thv'^ii' indications, that are constructed upon the prin- 
ciple of condensation, to which allusion has already 
oeen mtide, (Art. 62,} but a more extended exptaoatioa 
la here required. 

65. Imagine a brightly polished metallic vessel, pat- 
lially filled with vater, at the tempeiaiure of 60^ Fah., 
to be placed in a room at the same temperature. If 
picceii of ice are now thrown into the vessel, the water 
is gradually cooled down, and as this reduction proceeds, 
the lustre of the exterior surface will be dimmed, at a 
certain mom?nt, by a line dew. Thia ie caused by the 
deposition of moiaUire from the almospheie, which, in 
contact with the cold surface of the vessel, is now cool- 
ed down just beyond the point of saturation. The tem- 
perature of the water at this instant, which is the same 
as that of the vessel, is teimed the dew-point. 

66. By marking the difference, in degrees, between 
the temperature of the air and the dew-point, the rela- 
tive dryness of the atmosphere, or its remoteness from 
saturation is obtained. But observations, like these, 
lead also to other important results; for, by the aid of 
tables, giving the elastic force of aqueous vapor, at dif- 
ferent temperatures, the absolute weight of the vapor, 
diffused through a given volume of air can be determin- 

WhB did Eaemtz otiserve In respect lo relative humidily? 
What Isa hygrometer 1 Eiplain iho principle of candeoBation. 
What is the daw-poinc 1 How U the relatiTe humidity obtained "i 
Whit othn iMuIti can be deduced \ 
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ed, and likewise the proportion it coatains, to that which 
would be required to saturate it. 

67, The hygrometer of Prof. 
Daniell, which is extensively 
used, ia thus constructed. 

A glass tube, e i, figure 6., is 
bent twice at right angles, and 
terminated by two bulbs, b and/, 
of the same material. The bulb 
b is partly filled with ether, into 
which is inserted the ball of a 
delicate thermometer, d, enclosed 
in one arm of the instrument. 
All air is excluded from the tube, ( 
which is filled with the vapor of ^ 
ether; the other bulb,/, is cov- 
ered with a piece of fine mus- 
lin, a, and upon the pillar, g A, 

a second thermometer, A I, is fixed. 

68. Observations are thus made. The instrument being 
placed by an open window, or out of doors, a few drops 
of good ether are suffered to fall upon the muslin-covered 
bulb, which, from the rapid evaporation of the ether, 
soon becomes cool, condensing the ethereal vapor with- 
in. In consequence of this elTect, the ethei in b evapo- 
rates, thus causing, not only in the ether, but also in the 
enclosing bulb, a reduction of temperature, which is 
measured by the interior thermometer, e d. 

As the evaporation at a proceeds, the temperature of 
b still continues to fall, and, at a certain point, the at- 
mospheric vapor will be seen gathering in a ring of dew 
upon the glass, and the difference in degrees, at this 
moment, between the external and internal thermome- 
ter, denotes ihe relative dryness of the atmosphere. 
Thus, if on one day the exterior thermometer stood at 
65°, and the enclosed sunk to 50° ere the dew-ring ap- 
peared — and on another, the former was at 73°, and th» 
latter had descended to 68° before the glass was dimmed 
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with moisture — in the first instance the dryness of the 
atmosphere would be iadicated by 15% and in the second 
by 5. 

69. The action of this iostrumeat is almost instan- 
taneous, for the enclosed thennometer begins to fall in 
two seconds after the ether is dropped. It is usual, 
where great precision is required, to read off the de- 
grees of the interior thermometer at the moment the 
dew-ring appears, and also at tbe moment it vanishes ; 
the average of the two observations being taken as the 
true dew-point. 

70. In England the dew-point is seldom 30° Fah. 
below the temperature of the air ; the greatest differ- 
ence at Hudson, Ohio, as given by Prof. Loomis, is 36°. 
In the tropical regions its range is the most extensive ; 
for, in Ihe burning ctlme of India, the dew-point has 
sometimes sunk as low as 29°, while the temperature 
of the atmosphere was 90° — a difference of sixty-one 
degrees. 

71. Height of the Atmosphere. Whether tlie 
atmosphere is boundless or not, is a question which 
natural philosophers have been unable to determine. 
De Luc regards it as unlimited, and imagines the plan- 
etary spaces to be filled with a medium so exceedmgly 
attenuated as not to retard the motions of the heavenly 
orbs. The earth and the various celestial bodies are 
supposed to condense this subtil fiuid around them into 
an atmosphere, by virtue of their respective attractions. 

72. Were this true, the densities of tbe atmospheres 
thus formed would differ, on account of the variations in 
the size and mass of these bodies. It therefore consti- 
tutes a strong objection to this hypothesis, that the den- 
sity of the atmosphere of Jupiter (as shown by the re- 
fraction of the light of hia salellires, at the period of their 
eclipses) is not superior to that of our own ; although 
the force of attraction at the surface of this planet is al- 



How fa belaw ths lemperature of the sir does the dew-point deicend in 
EngluMH in Ohio 1 in India 1 la the height of the atmoaphere known 1 
.What is DeLDc*! opinions What li the Qb)eetloa to this hjpotliMlB 1 
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moat three times greater than that of the earth. More- 
over, when YenuB passes near the sun, she exhibits no 
atmosphere, according to Woilaston, ootw it he Landing 
her size is nearly equat to that of the earth. 

73. Those who maintain that the atmosohere is lim- 
ited, suppose, that at a certain distance from the earth, 
the expansive energy of its particles is exactly balanced 
by the force of gravity, and that beyond tbis point, an 
infinite void extends. This distance has been computed 
to be not far from 22,200 miles from the centre of the 
globe. 

74. Whichever theory may be adopted, it is certain 
that the atmosphere extends to very great heights. Dr. 
Wollaston has shown, by calculation, that the atmos- 
phere, at the altitude of nearlyybr^^ miles, is still suffi- 
ciently dense to reflect the rays of the sun, when this 
luminary is below the horizon. It is capable of trans- 
mitting sound at a loftier elevation, for in 1783, a vast 
meteoric body exploded at an altitude of more than 
Jift^ miles, the sound reaching the earth like the report 
of a cannon. Still farther ; if the combustion of meteors 
is truly assigned to the action of the atmosphere, the ex- 
istence of the latter, at- the distance of one Au}u:fre(fmt^eA 
from the earth, may be regarded as proved. 

What do tbe advocates of a limlud almasphere sappaiel 

How Tar ia (hla point from the earth's csnlfe 1 

At what hdgbt doea the atmosphare reflect light 7 

At what oltllude transmit sound 1 

What In&ience Is drawn from the comhustlon of meteor* 1 
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PART II. 

AERIAL PHENOMENA. 



OF WINDS nt QENEKAL. 

75. Cause OF Wind. Windis air in motion, occut- 
nng whenever the repose of the atmosphere ia brokeii, 
ft'Oin auy cause whatsoever. It is usually the result of 
a change of temperatuie, aod consequently of density, 
but ihe rush of an avalanche, causing a sudden displace- 
ment of a vast volume of air, has been known to pro- 
duce a momentary wind of great violence, along the 
borders of its path. 

76. If two contiguous, upright columns of air, with 
their bases at the eame level, are unequally healed, the 
colder is the denser, and at Its base a current will flow 
towards the hghter column, (just as the compressed air 
within a bellows streams out mio the rarer atmosphere,) 
but at the lop, to supply this loss, a counter current prer 
vails. 

77. This is illustrated by Franklin's simple experi- 
ment; if a door is opened, communicating between a 
warm and cold room, and a lighted taper then placed at 
the bottom of the doorway, the flame is bent towards the 
warm apartment ; but if held at the top, its direction is 



78. On account of the unequal distribution of heat 

What does part aecond treat of! What does chapter firat treat of 7 
Define wind. When does it occur 1 

If (WO coDtiguouB columns of air are uii«qaaUy hettcd, mtM motion 
talies placel State Franklin's eipsriraenl. 
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over ih'e surface of the globe, phenomcns like these occur 
in nature, on a widely extended acale ; Jm^ if two nei§-A- 
boring countries are unequally heated, the air above 
them partakes of their respective temperatures, and 
there arises at the surface of the earth, a wind blowing 
froTn the colder to the warmer region, while at the same 
lime, a directly contrary current prevails in the upper 
strata of the atmosphere. 

79. Velocity. Every gradation exiete in the speed 
of winds, from the mlldeet zephyr, that scarcely beads 
the flower, to the most violent hurriuane, which pros- 
trates the giant oak, and huile to the ground Ihe proud- 
est works of man. They have been classed as follows, 
by Smeaton, according to their rapidity and force. 













1 


.006 


HardljF perceptible. 


B 


.123 


Gentle wind. 


10 


.492 
1.107 


Pleennt bilsk gile. 


20 

2E 


1.968 
3,076 


T«T7 bri>k. 


30 


1.129 


High wind. 




7.873 










60 


17.71B 


On»I Storm. 


W 


31.490 


HurricenB. 




19.300 





80. The velocity of the upper currents of the atmos- 
phere, is as variable as that of the winds which sweep 
over the surface of the globe ; for the aeronaut. Green, 
who ascended from Liverpool, in 1839, to the height of 
14,000 feet, encountered a current that bore him along 
at the rate of five miles per hour, but upon descending 
to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per hour. 

How does it eiphln lh« origin of windi 1 
Whui is raid of the Telocit; of winds? 

Qlv6 the common nppellatiang of winds, with their Telodty and filrea. 
What la mid of tbe speed of the upptir cutrsnts 7 
Qlve (xample*. 
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On one occasion, hia balloon was carried over the spacs 
of ninety-sevea miles in fifty-eight minutes. 

81. Anemometer. The velocity of the wind is esti- 
mated by the anemometer, an instrument so called from 
the Greek words, anemos, wind, and metron, measure. 
One of the best is Woltmann's. It consists of nothing 
more than a small windmill, to which is attached an 
index, in order to mark the number of revolutions pei 
minute ; the number of course increasing with the speed 
of the wind. Now if the atmosphere is still, and the 
anemometer is carried against it at the rate, for instance, 
of ten miles per hour, the number of its revolutions 
will be exactly the same as if the instrument was sta- 
tionary, and the vanes rcolved by the force of a breeze 
possessing the same velocity. 

83. If then, upon a calm day, the anemometer i» 
taken upon a railroad car, moving, for example, at the 
speed of twenty miles an hour, and the number of revo- 
.utions for half an hour accurately noted, we can obtain, 
(by dividing this result by 30,) the number of revolu- 
tions per minute, corresponding to those of a wind hav- 
ing a velocity of twenty miles per hour. In this manner, 
a table adapted to the instrument can be constructed 
for all winds, moving with a greater or less rapidity. 

The velocity of the higher aerial currents is ascer- 
tained by the speed with which the shadow of a cloud 
passes over the surface of the earth. 

83. Force. The force of the wind is obtained, by 
observing the amount of predsure it exerts upon a given, 
plane surface, perpendicular to its own directions. If 
the pressure-plate acts freely upon spiral springs, the 
power of the wind is denoted by the extent of their 
compression, and that weight will be a measure of its 
force, which produces the same efTect upon the springs. 

This instrument, which is also termed an anem^ometer. 



What is ao SDemoiDeter? DeBcribe Woltmmn's, and the mode of ct 
puting by it the velocilf of the wind. 
How do ne judge of Ihe ap«ed of the upper currealaT 
Id what manaer is the farce of (he wind eBtimated 1 
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is constructed in exactly the same manner as a letter 
weigher, where a weight of half an cQice compresses the 
spiral, bringing down the index to a certain division of 
the scale. 

84. If, however, the velocities of the different winds 
are already known, and the force of one obtained, those 
of the rest can be found by the following rule, viz. that 
their forces are as the squares of their velocities. For 
instance, if the power of a gale, possessing the speed of 
twenty miles an hour, is known to be 1,968 pounds on a 
square foot, that of a storm with a velocity of fifty milea 
can thus be Bscei'taiued by a simple proportion. 
(20x30) (50x50) lbs. lbs. 

400 IS to 3500 as 1,968 is to the answer 12,30. 

Should the forces be known, it is obvious that the 
velocities can be computed by reversing this process. 

Winds may be divided irtto three dosses, constant, 
PEKioDicAL, and variable. 

OONSTAITT WnrDfl. TEABE WlnSS. 

85. The most remarkable instance of the first class, 
is that vast current, which, in the torrid zone, is ever 
sweeping around the globe, in a westerly directiou ; and, 
from its advantage to commeice, in always affording a 
steady gale to the bark of the adveutuious mariner, is 
denominated the trade wind. 

86. So uniform is its motion, that on the voyage from 
the Canaries to Cumana, on the northern coast of South 
America, it is scarcely necessary to touch a sail ; and 
with equal facility, the richly laden Spanish galleons 
were accustomed to cross the Pacific from Acapulco to 
the Phihppioe Isles. 

87. Origin. The cause of this wind ba^ been thus 
explained by Halley, an English philosopher. From the 
vertical position of the sun, the regions near the equator 

ir ihe Telocllles ats known and one force, what else cao be obtained 1 

Give ihe rule and the eiample. 

If iheforcsB are known, what can be computed 1 

Into how auDf claaeel are winds divided 1 Name diem. 

What la tbe trade wind 1 Howdoesit origiliatet 
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are intensely heated, while those more remotel j situated 
are less so ; the temperature gradually dimiuishing to- 
wai'dn either pole. (Art. 49.) In accordance with the 
principles just unfolded, (Art. 78,) an upper current wiQ 
flow from the equator towards the poles, and a cold cur- 
rent at the surface of the earth, from the "poles and the 
higher latitudes, towards the equator. Here the air, 
hecoming rarefied hy the heat, rises, and minglio? with 
the upper wind iiows back again to the polar climes; 
thus establishing a perpetual circuit. If then the at- 
mosphere was subject lo no other influences, a north 
wind would prevail in the torrid zone, in the northern 
kemi^here, and a south in the southern; but these 
directions are modified by the rotation of the earth, in 
the following manner. 

88. Every thing upon the surface of the globe at the 
equator, is carried towards the east, at the rate of about 
sixty-nine miles in four minutes; hut as we recede to 
the north or south of this line, the eastern velocity is so 
diminished, that at the latitude of 60° it is reduced to 
one-half, and at 83° to less than one-eighth of its original 
amount. 

A wind, therefore, blowing from the high latitudes 
towards the equinoctial clime, is constantly passing into 
regions where all terrestrial objects have a greater east- 
erly velocity than itself. They will consequently move 
against it, and as they are apparently stationary, it will 
thus acquire a relative westerly motion. Just as when 
a traveler, outstripping the wind that blows at his back, 
feels a breeze directly in hia face. 

89. Thus, the polar wind in the northern hemisphere 
is influenced by two forces at the same time, one of 
which carries it to the south, and the other to the west ; 
and the course it assumes by their combined action must 
be according to the laws of compound motion, (C. 249,] 
some intermediate direction, tending from the north- 
east to the south^nest ; and such is the fact, according 
to all observations. 
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In a similar manner, iho lower current in the south- 
em hemisphere, acquires a diiection from the south-east 
to the north-west. 

The passage of a vessel across a river is an illustra- 
tion in point. Ifihe vessel is steered before the wind, 
from east to west, while the stream is flowing from noith 
to south, she will be seen by a spectator on shore sail- 
inn; from north-east to south-west. 

90. In the Atlantic and Pacific, the breadth of the 
trades increases as they flow towards the western shores 
of these vast oceans, the wind gradually changing to 
the east, by the mutual action of the two currents. 

91. The land is heated by the sun far more intensely 
than the ocean. This is owing to the fact that the solai 
rays warm only the surface of the earth, scarcely pene- 
trating an inch in the course of a day, while during the 
same time they pierce the water to the depth of many 
fathoms. It has been computed that the beams of the 
sun communicate daily a hundred times more heat to 
a given extent of ground than to an equal surface of 
water. On this account, the proximity of highly heated 
continents produces local variations in the direction of 
these winds ; for the air, being more rarefled over the 
land, ascends, and to supply its place, the cooler air of 
the trades sets in from the sea towards these localities. 

92. Thus, on the African coast, between Cape Baja- 
dor and Cape Verde, a north-west wind prevail within 
the limits of the north-east trade ; and off the coast, fiom 
Sierra Leone to the Isle of St. Stephen, the trade wind 
gradually changes to the south and south-west, veering 
to the west as it approaches the shore. From the itame 
cause, the south-east trade becomes a south wind along 
the coasts of Chili and Peru. 

93. Limits of the Trade Winds. Inlhe Pacific, 
the north-east trade wind prevails between the 35th 

What in the eauthem hsmlBphera 1 IlluBtmte iha aubject. 
What U BBld of the breadth of the tradesi 

Why is the land mure inteaselybealed thaa ibeoceanl How doea thli 
dlSerence caaw b loml variation in the direction of the tisdea') 
Cilte inwancB* of wteb cbaagea. State thsUmlt of the tndewlndi. 



.-, Google 



44 AERIAL PHENOMENA. 

and 2t] degree of north latitude. The extent of the 
BDuih-east trade is not precisely ascertained, but it prob- 
ably ranges from the 10th to the 21st degree of south 
latitude. lo the Atlantic, the former is comprised be- 
tween the 30th and 8th degrees of north latitude, and 
the latter within the limits of the 3d degree of north 
and tlie 2Sth degree of south latitude. 

94. The limits, however, are not stationary, but are 
dependent upon the season— advancing towards the 
north during the summer of the northern hemisphere, 
and receding to tlie south as the sun withdraws to the 
Boulhern tropic. Thus, on the west coast of Europe, the 
norlh-east trade has been found to extend as far as Ma< 
deira, and even to Mafra, in Portugal. 

95. Calms. In the vicinity of the Cape Verde isles, 
between the 8th and 3d degree of north latitude, is a 
tract denominated by mariners the rainy sea. This 
region is doomed to continual calms, broken up only by 
terrific storms of thunder and lightning, accompanied 
by torrents of rain. A suffocating heat prevails, and 
the torpid atmosphere is disturbed, at intervals, by short 
and sudden gusts, of little extent and power, which 
blow from every quarter of the heavens, in the space of 
an hour — each dying away ere it is succeeded by an- 
other. In these latitudes, vessels have sometimes been 
delained for weeks. 

In the Pacific, the region of calms is comprised within 
the 2d degree of north and south latitude, near Cape 
Francis and the Galapagos islands^a narrow bell of 
ocean separating the two trades. Here, likewise, dread- 
ful tempests prevail. 

96. According to Humboldt, a similar state of the at- 
mosphere exists, during the months of February and 
March, on the western coast of Mexico, between the 
13th and 15th degrees of north latitude, and 103d and 
1 06th degrees of west longitude. A ship, richly laden 
with cocoa, was here becalmed for the space of twenty- 
Are the limits statioiurr 1 Upon what do they depend 1 

Give ezunplea. WheieU Ihs rainy eeat Describe it. 
Where are the cslms In the Pacific 1 What Inetancs i« glvea 1 
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eight days, when the water failingn^the crew were com- 
pelled by iheir Bu^eiioga to abandon tbe vessel and 
seek the shore, eighty leagues dislaut, in an open boat. 

97. The calms are supposed to be caused in the fol- 
lowing manner. The adjacent continents to the east 
of these stagnant regions being far more intensely 
heated than the sea, the air over the latter would rush 
easterly towards the land, were it not arrested by a con- 
trary impulse in the direction of the trade wind. If 
these opposing forces are at any time equally strong, the 
atmosphere is motionless, and a dead calm ensues — 
just as a vessel, in ascending a stream, continues sta- 
tionary when the power of the wind is exactly balanced 
by that of the current. When, however, the relative 
strength of these forces rapidly changes, those short and 
sudden gusts which have been noticed will arise, as one 
or the other of these impulses prevails. 

98. The presence of a highly heated region is strik- 
ingly marked in the case of the rainy sea. To the east 
lies the great African desert, from whose burning surface 
a vast volume of hot and rarefied air is perpetually ris- 
ing. 

Another cause must not be forgotten, which applies, 
more particularly, to the calms near Cape Francis. This 
tract is diiectly under the equator, and from its peculiar 
situation, the upward current of rarefied air is probably 
here so strong as to neutralize the action of the trade 
winds. 

The limits of the calms vary also with the seasons. 
Thus, in the Atlantic, the range in August is between 
3° 15' and 13" N. Lat., but in February, extends from 
1° 16' to 6° N. LaL 

WINDS OF THE HIOHES LATIPUDE^. 

9y. The upper equatorial currents, flowing off to- 
wards either pole, descend, on their passage, Lo the 
earth, and since they carry with them an excess of east- 
erly velocity, will become, upon the principles already 
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explained, (Art. 89,) soiUh-westerly winds, in the north' 
ern hemisphere, and north-westerly in the southern. 

Such would be ihe course of these currents if left to 
themselves ; but as ihey meet on their passage with 
counteracting winds, and are influenced by a vanely of 
causes, their direction is more or less changed ; yet not 
ao much, but that a marked predominance in the fre- 
quency of westerly winds exisu in both hemiapheres. 

100. That this is true, ia regard to the northern bem- 
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isphere, is obvious from the aonexedcut, figure 6., which 
presenU the reeulta of a multitude of observations. A 
quarter of the circumference of a circle is here supposed 
to be divided into uiaety parts, called degrees, and the 
inclination of the several lines oa which the airowa are 
placed, to the north and south line, measures, in degreea, 
the average or mean course of Ike wind, in the sevei-al 
places mentioned. 

The degrees are reckoned from the south, in all cases 
except Russia, where they are counted from the north. 
The points of the arrows indicate the quarter towards 
which the wind blows. 

101. The prevalence of westeily winds in the high 
latitudes of the north is also shown by the fact, thai the 
average length of the outward passage, by packet, from 
New York to Liverpool, is but twenty-three days, while 
that of the return v^age is forty. It also appears, 
from the observations of Hamilton, during twenty-six 
voyages between Philadelphia and Liverpool, extending 
from 1798 to 1817, that, out of 2029 days on which the 
wind blew, it came from the west UOl ; a result agree- 
ing with the observations of McCord, at Montreal, who 
found that, from 1836 to 1840, inclusive, the westerly 
winds at this station constiluted more than one-half of 
all the winds that blew, bearing the ratio of 64 to lOU. 

102. In the high southern latitudes, the same fact 
has been observed. Lieut. Maury remarks, that at 
Ca)}e Horn there are three times sa many westerly as 
easterly winds, and that he has seen vessels arrive at 
Valparaiso and Callao, after having been detained olf 
the Cape, by gales arid head winds, for the space of 
eighty, and even one hundred and twenty days, in the 
late Exploring Expedition, the ship Vincennes remained 
at Orange Harbor, in Terra del Fuego, for the space of 
sixty days, during which lime the weather was exceed- 
ing variable ; for thirteen days the wind blew from the 
north, eastward, and south-east, while ior forty-seven, it 
prevailed from the west 
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UPPEK 'nCSTEKLT WIND OP THE T&OPIOS. 

103. The prevalence of a westerly wind, above the 
uades, within tlie torrid zooe, is showa by many con- 
clusive facta. In 1818, ashes from the volcano of St. 
Vincents were carried easterly, falling upon the island 
of Bai'badoes ; and the captain of a. Bristol ship declared, 
that at this time volcanic dust descended lo the depth of 
five inches, upon the deck of hia vessel, at the distance 
of five hundred miles to the eas; of the former island. 

lo 1835, an eruption occurred of the volcano of Con 
sanguina, situated in Guatimala. The height of the 
crater is 3800 feet, and from it issued clouds of ashes, 
which obscured the sun for five days, and being borne 
along in a north-easterly direction, by the upper cur- 
rent, fell in the streets of Kingalon, Jamaica, seven hun- 
dred and thirty miles distant. Even in the latitude of 
Teneriffe, nearly all travelers "hwe found a westerly 
wind at the summit of the peak, while the regular trade 
was blowing in a coutrary direction, at the level of the 
ocean. 

FERiosioAL wama. 

104. Monsoons. In certain countries within and 
near the tropics, the regular action of the trade wind is 
destroyed by the monsoons, which are periodical galea, 
deriving their name from the Malay word mousairt, sig- 
nifying seasons. These winds blow, from a certain 
quarter, for one half of the year, and during (he other 
half from an opposite point ; and at the time of their 
shifting, dead calms, tempests, and variable winds alter 
nately occur. 

105. From April to October, the south-west monsoon 
prevails north of the equator, and the south-east in the 
southern hemisphere ; but from October to Apiil, the 
north-west monsoon blows south of the equator, and the 
north-east in the northern hemisphere. 

What Is Ihs direction of llie wind above the trades 1 OlTe (he prooft. 
What are the moDsooaB t In what manner do the; blow 1 
Prom Aprii lo October what moQSOons prevail, and where 1 
From October to April what moiuooiu prevail, and where 7 
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Tbis may be takea as a general rule, subject to the 
foDawiag^ luodiflcatioa ; tbat the south-west and north- 
west monsoons occur later in the season, according as 
the reeions over which they prevail are farther removed 
from mt equator. 

Tl)U!>, in India, at Anjengo, on the Malabar coast, 
6° 30' N. Lat, the south-wesi monsoon commenceB as 
early as the 8ib of April; at Bombay, 19° N. Lat., 
about the 16ih of May. In Arabia, it begins a month 
later than on the shores of Africa, and iu the northern 
part of Ceylon, fifteen or twenty days earlier than on 
the Coromandel coast. 

106. Oriqin. The cause of these regular changes is 
to be sought in the effect produced by the sun, during 
his apparent annual pr^^ress from one tropic to the 
other. In the Indian ocean, for example, as this lumi- 
nary advances towards the north, the zone of greatest 
rarefaction recedes from the equator, and the norlh- 
eaat monsoon (which is nothing more than the trade 
wind] then But>side8, and ia succeeded by calms and va- 
riable winds; but as the summer approaches, and the 
sun arrives at the northern tropic, the southern portions 
of the Asiatic continent become hotter than the ocean, 
and the humid air from the equatorial seas flows north- 
ward to the land. South-west winds will therefore arise, 
(Art 99,) which prevail from the peninsula of India to 
the Arabian gulf, until the time of the autumnal equinox. 
During the same period, the south-east monsoon, in the 
southern hemisphere, tempers the heat of Lower Guinea, 
and brings rain to the shores of Brazil. 

107. The motions of the atmosphere, however, ar« 
reversed, as the sun crosses the equator and approocheft 
the southern tropic. Pouring his fervid rays upon 
Southern Africa, the vast tract of New Holland, and 
the splendid clime of Brazil, the air flows in from the 
north and north-west, towards these highly heated re- 
gions, and winds from these quarters prevail for several 
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months: the monsoon extending along tbe coast of 
Brazil, from Cape St. Augustine to the Isle of St Cath- 
erine. But now the influence of the sun ia partially 
withdrawn from Southern Asia ; it glows no louger be- 
neath his vertical rays, and over the cooled earth the 
north-east monsoon resumes its wonted course. 

108. Land and Sea Breezes. On the coasts and 
islands within the tropics a sea breeze daily occois, 
about nine o'clock in the morning ; at first, gently blow- 
ing towai'ds the shore, bnt gradually increasing in force 
until the middle of the day, when it becomes a brisk 
gale ; after two or three o'clock it begins to subside, 
and is succeeded at evening by the latid breeze, which 
blows freshly off the coast during the night, dying away 
in the morning, when the sea breeze recommences. 

The extent of these winds is variable ; in some places 
they are scarcely noticed beyond the rocks that line the 
beach ; at others they are perceptible three or four 
leagues from land ; while such is their strength on the 
Malabar coast, that their effects are fell at the distance 
of twenty leagues from shore. 

These breezes are occasi(»ially met with in every 
latitude. They are perceived upon the coasts of the 
Mediterranean, are sometimes felt at Beigen, in Nor- 
way, and even faintly discerned on the shores of Green- 
land. 

109. Origin. During the day, the islands of the 
tropics acquire a far more elevated temperature than the 
adjacent ocean; (Art 91,) the atmosphere above them 
partakes of their warmth, and currents of rarefied air 
ascend from the interior of the land. To supply the par- 
tial void thus created, the cool, dense air of the ocean 
flows in fj'om every quarter towards the shore, and the 
sea breeze then prevails. 

About mid-day the sea breeze is strongest, since the 
velocity and force of the ascending current is then at its 
height, for the sou now acts with its greatest energy ; 
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but as Uiis luminary deecends in the heavene, and sinks 
beueath the waves, the laud ra{Hdly loses its heat by 
radiation, while the temperature of the ocean at its sur- 
face is scarcely changed. This is owing to the fact 
already stated, that the rays warm only the surface of 
the earth, but are diffused through the water to a con- 
siderable depth ; and besides, whenever the upper stra- 
tum of the fluid is cooled, it becomes heavier and sinks ; 
and a warmer stratum rising to the top the surface thus 
maintains an almost unvarying temperature. For these 
reasons, the land, at length, becomes colder than the sea, 
while the air above it, acquiring its temperature, is con- 
densed, and flowing off in every direction lo the warm 
and lighter atmosphere that floats above the ocean, 
gives rise to the land breeze, which prevails throughout 
the night. 

110, Variable Winds. Prom the extreme mobility 
of the air, the direction of the wind is affected by a 
countless variety of causes, atich as the nature of the 
soil, the inequalities of its surface, the vicinity of the 
ocean and of lakes ; and the temperat'ure, course and 
prosnmity lyf mountains. 

These local influences are, for the most part, con- 
trolled, where the great aerial currents exist in all tbeir 
power ; but in the ejtra-tropical regions, where the force 
of the latter is diminished, a. perpetual contest occurs 
between the permaaeot aod temporary currents, giving 
rise to constant fluctuations in the strength and directioa 
of the wmd. 

111. It appears from observations made at Toronto, 
and at Hudson, Ohio, that although the wind blows 
from every point of the compass during the year, yet, 
such is the force of the northerly gales, that, in these 
latitudes, there is a general motion of the atmosphere 
from N, W. to S. E. In England, on the contrary, from 
the hourly observations made at Plymouth, there seems 



In what regione do voriBblB winds pravsiil What appei 
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to be an aonual movement of the atmosphere, from the 
S. S. E. towards the N. N. W. 

112. Physical Nature OF Winds. Winds are hot, 
cold, dry or moist, according to the direction whence they 
blow, and the kind of surface over which they pass. In 
Europe the westerly winds are warm and moist, and the 
north-easlerly cold and dry ; for the former come over 
the sea from the lower latitudes, and the latter sweep 
across the land firom the polar climes: in our own cli- 
mate, a north-easterly wind is cold and moist. 

A south wind in the northern hemisphere is warm 
and humid, since it comes from warmer regions, and its 
capacity for moisture is constantly diminishing in its 
Qorlhwai'd prt^ress; from opposite causes a north wind 
is keen and dry. 

In the southern hemisphere the nature of these winds 
would be interchanged. 

113. Puna Winds. In Peru, between the Cordilleras 
and the Andes, at the height of 13,000 feet, are vast 
tracts of desolate table-land, known by the name of the 
Puna- These regions are swept, for four months in 
the year, by a piercingly cold wind from the snowy 
peaks of the Cordilleras, which is so extremely dry, 
and absorbs with such rapidity the moisture of animal 
bodies, that it prevents putridity. If a mule happens to 
die upon these plains, it is converted, ia the coui'se of a 
few days, into a mummy, even the entrails being free 
from the slightest evidence of decay. 

According to Prescott, the ancient Peruvians pre- 
served the bodies of Iheir dead for ages, by simply ex 
posing them to the dry, cold, and rarefied attnospnere of 
the mountains. 

114. Simoom. Upon the arid plains of Asia, and es 
pecially on the vast deserts of Africa, an intensely hot 

Whence arise Ihe dilferenceB In the pn 
Whal ia ihc nature of a Boiiih wind 
why 1 or a nottli wind, and whf t 
Why would ilieir praperdei be reversed in (he soulbem liemiapbere? 
Dascrlbe the Puna winde. Wha( fact i> stated by Prascotti 
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wind occasionally prevails. In Arabia and Syria, it ie 
known by the name of the simoom, from the Arabic woixl 
samma, signifying al once kol and poisonous. In Egypt 
it is termed chamsin, fifty, because it ueually conLinue* 
^ty days ; while in the western parts of the great 
Zahara, along the Senegal, and upon the coaat ol 
Guinea, it receives the name of haTtnattan. 

The stories of the Arabs, and the accounts of the 
earlier travelers, in regard to this wind, are clothed 
with marvelous fictions. It is described as a poisoo- 
ous, fiery blast, that instantly destroys life ; none ever 
surviving the effects of its deadly influence, if onc« in- 
haled. But these fables are now exploded, and the 
simoom is known to possess no other properties tbao 
those which naturally belong to an exceedingly hot and 
parching wind. 

115. Cause. Its ongin is to be sought in the pecu- 
liarities of the soil, and me geographical position of tho 
countries over which it reigns. 

The surface of the Asiatic and African deserts is 
composed of dry quartz sand, which the powerful, ver- 
tical rays of the sun render burning to the touch. The 
heat of these regions is insupportable, and their atmos- 
phere like the breath of a furnace. In June, 1813, at 
EsnS, in Upper Egypt, the thermometer of Burckardt 
rose to 120 Fah. beneath the roof of a tent, and 
■n 1841, the British embassy to the king of Shoa, while 
advancing from Tajura to Abyssinia, suffered under a 
temperature of 126° Fah. in the shade. 

When, under such circumstances, the wind rises and 
sweeps these burning wastes, it is at the same time hot, 
and extremely destitute of moisture; and, as it bears 
aloft the fine particles of sand, the atmosphere is tinged 
with a reddish, or purple haze, the sure precursor of 
the simoom. 

116. Though the blast of the simoom inflicts not in- 
stant death, it is yet a dreadful visitant to the traveler 

Whit ia the ainiaom t Where does il prevail 1 

Br whnt other namea 1> it knowii 7 What ii the truth 

How doM It orldiMte 1 
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of the desert. Clouds of glowing sand, at times bo 
thick that objects are invisible at the distance of a few 
paces, are driven with blinding force against the face; 
the moisture is rapidly absorbed from the body, the akin 
becomes parched, the throat inflanred, respiration is 
accelerated, and a raging thirst created. And in the 
midst of iheae horrors, the burning blast depiivea its 
unhappy victims of the only means which they possess 
for alleviating their sulfeiings ; the water evaporates 
through the skins in which it is carried, and whole 
caravans have been known to perish, the prey uf a con- 
suming thirst. 

117. Sirocco. This name is given to a south-east 
wind which prevails in the Mediterranean isles, and 
along the Italian shores. During the summer and 
autumn it is pecuharly distressing to the inhabitants 
of these regions ; an oppressive sensation of heat is then 
felt, the skin is bathed in perspiration, the body becomes 
weak and languid, and the mind dispirited. These 
effects are attributed to the fact, that the sirocco, at this 
time, is ttolh hot and iiwist ; veiy little evaporation 
therefore occurs, and the sensations experienced, under 
these circumsiances, are similar to thoae which are felt 
duiing a very sultry state of the atmot^phere. While 
this wind prevails, the air is obscured by fine particles 
of dusl, and is always hazy. 

The sirocco has been generally supposed to arise 
from a current of air flowing across the Mediterranean 
from the glowing sands of Africa. It acquires its beat 
from the desert, and its moisture from the sea. 



CHAPTER n. 

OF BUBKIOAKES. 

118. Hurricanes are terrific storms, accompamed, 

at times, by thunder and lightning ; and differ from 
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every other kind of tempest by their extent, their irre- 
sisttble power, and ike sudden changes tkat occur in the 
direction of the wind. Though kaown in other climes, 
they rage with the greatest fury in the tropical regions 
The ricn products of the plantations are destroyed m a 
moment, forests are leveled, the firmest edifices pros- 
trated and their roofs whirled akifl into the air, which 
is filled with the flying fragments of a thousand ruins. 
Upon the coasts, the waves rush landward with appall- 
ing violence, hning the harbors and the adjacent shores 
with the cargoes and wrecks of shattered vessels. 

119. From the late independent investigations of seT- 
eral eminent philosophers, it also appears thtU hurri- 
canes are extensive stortns of ^ . 

wind, which revolve around an ' k ■ 

axis, either upright or inclined 

to the horizon ; while at the 

same time, the body of the storm 

has a progressive motion over 

the surface of the globe. 

120, We learn fiom the nu- 
- inerous observations collected 

by Mr. Redfield, of New York, 

that in the northern hemi- f iTtrtherm litpla- 
sphere, (he Atlantic hurricanes 
generally originate to the east 
of the Carribean islands, and 
that their path is from south- 
east to north-west, until they 
have passed the northern tropic, 
when their course changes from 
south-west to north-east ; the 
rotation of the storm being from 
right to left, contrary to the 
motion of the sun, (see fig. 7,, , 
where the arrows show the 
rection of the wind.) 
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The researches of Col. Reid, 
the Governor of the Bermudas, 
have likewise shown, that the 
storms and tempests of the 
southern latitudes are vast 
whirlwinds ; moving, however, 
in a different manner from the 
hurricanes of the northern hem- 
isphere. Thus, stmtk of the 
eqttaiw, the general course of 
the hurricanes is from the north- _ 
east to the s&uth^west, within 
the southern tr<^ic ; but after 
passing this limit they proceed 
from the north-west to the south- 
east ; revolving from left to 
right, in the same way as the 
sun; a fact previously conjec- 
tured by Mr. Redfleld. (See 
fig- 8.) 

The hurricanes of the Bouthem 
hemisphere frequently occur in • 
the vicinity of Mauritius and 
Madagascar. 

121. Path OF theStorh. The distance traversed 
by these desolating ternpests is immense. The memo- 
rable gale of August, 1830, which fell upon St. Thomas, 
ill the West Indies, on the 13lh, reached the Banks of 
Newfoundland on the 19th ; having traveled more than 
three thousand nautical miles in seven days ; and the 
observed track of the Cuba hurricane of 1844 was but 
little inferior in length. 

122. Veiocity. Theii progressive velocity varies on 
the Atlantic Ocean, from seventeen to thirty miles per hour ; 
but at certain portions of the track it is sometimeB much 
higher ; as in the case of the Cuba hurricane, where the 




State Col. Held'B viewa in leapecl to those of the southera. 
WhM is said of the distance tiaversed by hunicuu* 1 
What of their progrewive and rotaty velodty 1 
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ayerage rate from the Bahamas to 45° N. Lat. was forty 
miles per hour. Distinct from the progressive is the ro- 
tary velocity, which increases from the eslerior boundary 
to the centre of the storm, near which point the tempest 
rages with terrific force ; the wind sometimes blowiog at 
the rate of one hundred miles per hour. 

123. Diameter. The surface simuitaneoualy swept 
by these tremendous whirlwinds is a vaat circle, varying 
from one hundred to five hundred miles in diameter ; 
but even the greatest of these dimenaions was exceeded 
in the Cuba hurricane, for its breadth was computed by 
Mt. Redfield to be at least 800 miles, and the area 
over which it prevailed, throughout its whole length, 
2,400,000 square miles ; an estent of surface equal to 
two-thirds of that of all Europe. 

124. The rotary character of the hurricane accounts 
for the frequent changes that occur in the direction of 
the wind ; since, in order U> preserve a circular motion, 
there must be a constant deflection from a straight 
course, and, at corresponding points in each half of tlie 
storm, the gale will blow from opposite quarters. The 
changes thus caused, will be perceived at any spot over 
which this fearful visitant passes. 

It also explains the fact, that the violence of the wind 
increases towards the centre, and that, within the very 
vortex of the hurricane, the air is in repose. Here oc- 
curs that awful calm, described by mariners as the luU 
of the tempest, in which it seems to sleep, only togathnr 
strength for mightier conflicts. 

125. Cases. Numerous instances of the facts above 
mentioned might i>e adduced, but one or two will suffice. 
In the Antigua hurricane of 1837, described by Col. 
Reid, it appears that Capt. Newby of the Water Witch, 
first expenenced its effects at St. Thomas, in the West 
Indies, on the morning of the second of August. The 
wind was then N. N. W., and at three in the afternoon 

How great ia their breullh 1 ' 

How great the Bur&ce over whisb the; preraill 
Whst bcM are eiplalued by the rotati<m of th« il< — " 
Qlv8 It 
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became violent. At five P. M. it Hew a severe gale, 
and at seven P. M,, saya Capt. Newby, "a liurricane 
arose beyond desciiption dreadful. Soon after a calm 
succeeded for about ten minutes, and then, in the most 
tremendous screech 1 ever heard, it recommenced from 
the S. and S. W. At two o'clock on the morning of the 
third, the gale somewhat abated, and the barometer rose 
an incli. At daylight, out of forty vessels, the Water 
Witch and one other were the only two not sunk, 
ashore, or capsized." 

126. On the 12th of August, 1837, another hurricane 
commenced, in the same region, in \7° N. Lat. and 53" 
45' W. Lon. At midnightoo the 18ih, in 31° N. Lai., the 
ship Rawhn, Capt. Macqueen, appears, according to 
Col. Reid, to have been in the very vortex of the storm. 
On the 17th, the wind blew strong from the N. E. by 
E. for twelve hours, then suddenly changed to the north, 
blowing with undiminished violence till the 18th at 
midnight when, in an instant, a perfect calm ensued for 
the apace of one hour ; then, " quick as thought, the hur- 
ricane sprung up with tremendous force from the S. W. ; 
DO premonitory swell of the wind preceding the convul- 
sion." During the gale, the barometer was almost in- 
visible in the tube above the framework of the instru- 
ment. 

The sudden and extraordinary transition detailed in 
the cases just cited, are fully explained by supposing, 
that the vessels passed from one side of the whirl to the 
other, through the vortex of the tempest 

127. Fall of the Barometeb. If the hurricane 
ia indeed a vast whirlwind, the atmosphere, constituting 
the body of the storm, will be driven outward from the 
centre towards the margin (C. 171), just as water in a 
pail, which is made to revolve rapidly, flies from the 
centre, and swells up the sides. But the pressure of 
the atmosphere, beyond the whirl, checking, and lesist- 
ing this cenU'ifugal force, at length arjests the aytward 
progress of the aerial particles, and limits the storm. 

If tbs hurricane ii a whlriwlod, la whtl rasnuBT ihould Ihe baromeler 
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We should consequently expect to find (in accordance 
with the laws of circular motion) the density of the air 
increasing from the centre to the circumference of the 
storm, and even for some distance beyond its boundary ; 
and likewise, that when a hurricane passed diametric- 
ally over any region, the atmospheric pressure would 
decrease, and the barometer continue to sink, during the 
first half of the storm; but that the instrument would 
gradually rise, as the last half passed over. Such 
indeed is the case ; for, amid all the phenomena of 
storms, DO fact is better establiehed than this, that q/i 
extraordinary depression of the barometer in IropicM 
climates is a sure forerunner of a hurricane. 

138. Before the tempest of Aug. 2d, 1837, the harbor- 
master of Porto Rico warned the shipping in port to 
prepare against a storm, as the barometer was falling in 
an unusual manner ; having sunk one and a half inches 
since 8 o'clock in the evening of the preceding day. 
All precautions were however in vain ; thirty-three ves- 
sels at anchor were destroyed, and, at St. Bartholo- 
mews, two hundred and fifty buildings levelled to the 
earth. The following table of observations, taken at St. 
Thomas, over which island this hurricane passed, is full 
of instruction in regard to this important point. 

btU*tlMCMe1 Relate dM inaunMi (iven. 
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T.M-. 


th/bammctb^ 


w™.. 1 


Bmn iDd Hiiula. 


iKbM. 


DireclHDUdFnnn. { 


Aug. 2d, A. M. 6 

P.M. 2 10 

3 45 

4 46 
6 46 
6 30 
6 36 

6 46 

7 10 
7 30 
7 36 

7 62 
B ID 

8 » 
8 23 
8 33 
8 38 
8 46 

8 60 
9 

IS 

9 36 

g so 

10 10 

10 36 

11 30 
Aug. 3d, A. M. 2 4S 

9 


29.95 
29.77 
29.69 
29.51 
29.33 
29.16 
28.93 
28.80 
28.62 

2aiB 

28.13 

2a09 
28.09 
28.09 
28.44 
28.63 
28.62 
28.71 
28.80 
28.98 
29.16 
29.24 
29.33 
29.42 
29.61 
29.60 
29.64 
29.78 
29.91 
29.93 


N. W, 

N. 
N. 
N. E. 

S:S; 

W. W. 
N. W. 
N.W. 

S. 8. B. 
S. E. 

S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S.R. 
8. E. 
S. E. 
8.E. 
S.E. 
S. E. 
S.E. 
8. W. 
E. 


{■HnnlcuiB. 
Dead Calm. 

Hurricane. 



130. In the caee of the Water Witch, we have seen, 
that, when the centre of the tempest was past, aad the 
gale abated, the barometer rose an inch. 

131. Circuit Sailing. The gyratory motion of bur- 
ricanes is strikingly evinced by vessels sailing on a cir- 
cular course, whea scudding before the wind. The 
most remarkable case is that of the Charles Heddle, 
related by Mr. Piddington, which occurred Iq a storm, 
near Mauritius, in Feb. 1845. 

It appears from the log-book of this ship, that, in her 
course before the gale the wind changed completely 
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fouud five times in the space of one hundred and seren* 
teen haul's, having an average velociiy of eleven miles 
and seven-tenths per hour. The whole distance thus 
sailed by the vessel was thirteen hundred and seventy- 
three miles ; while her actual progress duriag this time 
in a south-westerly direction, was found to be only three 
hundred and fifty-four miles. 

133. Axis of the Hurricane. The axis of the 
hurricane is not, necessarily, upright, but is usually in- 
clined to the horizon ; leaning in the direction which 
the tempest takes. This is owing to the friction of the 
base of the hurricane against the surface of ihe earth. 
Its velocity is thus checked, while the upper portion is 
driven forward, and overhangs the base. 

This position of the axis is indicated by the circum- 
stance that the tokens of the approaching tempest often 
appear in the higher regions of the atmosphere, before 
it is felt below. The navigators of the tropic seas some- 
times behold, high in the air, a small black cloud ; 
rapidly it spreads down to the horizon, shrouding sea 
and sky, and the tempest then suddenly descends upon 
them in all iu fury. 

133. Remarks. Such are the opinions entertained 
by Redfield, Reid, Dove, and others, m regard to storms 
and hurricanes; opinions based upon a vast assemblage 
of facis and observations, gathered frotn all points, 
within the track of a great number of these desolating 
gales. The numerous observations taken upon the 
American coast, commensurate with the extent of the 
Atlantic tempests, have been systematized by Mr. W. 
C. Redfield, of New York ; while Col. Reid has investi- 
gated the West India hurricanes, and those of the 
southern hemisphere, with great success. The log- 
books of the British navy, in which the phenomena of 
the weather are recorded every half hour, have been 
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placed at hia disposal, and he has thua been furnished 
with an immense collection of valuable, facta. Prof. 
Uove, of Berlin, has studied the laws of hurricanes in 
Europe, and gathered a large number of observations 
from every qu&Jter of the globe. By noticing the time 
and place of each observalioii, atorm-charts have bean 
conalrucled for the use of mariners, and it ia highly iu 
favor of the rotary theory, that the conclusiDne result 
ing from these extensive and independent inveetigationa 
are substantially the same. 

134. Espt's Theory. The rotary character of hur- 
ricanes, including tornadoes and water-apouta, ia how- 
ever denied by Mr. Espy, of Philadelphia, who main- 
tains that the wind blows from every quarter towarda 
the centre of the storm. Espy asserts, that this law ob- 
tains without a single exception, in seventeen stonnB 
which he has inveatigated. The influx of wind towards 
the centre, he supposes to be caused by the development 
of heat, which occurs whenever atmospheric vapor is 
condensed in the form of a cloud. The haat, thus dis- 
engaged, rarefies the surrounding air, and estahlishes 
an upward current; and so great an expansion ia be- 
lieved, at limes, to result from this cause, that the ve- 
locity of the ascending current has been computed to 
exceed three hundred and fifty feet per second. 

To this point of greatest rarefaction, the atmosphere 
rushes in from every side, just as the air of a room 
flows towards the heated current of the chimney; the 
violence of the wind depending upon the rate of speed 
in the ascending column. Most of the phenomena of 
meteorology are also explained by Mr. Espy in accord- 
ance with his peculiar views. 

135. The centripetal theory has found many able 
supporters ; but that of Redfleld and Reid has been 
more generally adopted by men of science. 

136. It may perhaps be found, when our investiga- 
tions are multiplied and more extended, that both these 
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mulions ofteoi co exist ; a Gircumstance which ia by no 
means impossible. For when a whirlwind ia once in 
motion, from any cause whatsoever, the great rarefac- 
tion of air that occurs at the centre, will create an 
influx of the atmosphere towards thia point from all 
quarters, except where it ia o[^sed by the centrifugal 
force. Now if the base of the whirl is above the sur- 
face of the earth, or when touching it, is inclined to it, 
(which ia uaually the case,) currenta of air will flow 
beneath the baee towards the vortex, and evidences of 
tenlripetal action will not be wanting. 



CHAPTER III. 
OF TORHADOEB OA WHIBj:,Wlin)a. 

13" Tornadoes may be regarded aa hurricanes, dif- 
fering chiefly in respect to their extent and c&ntinuance. 
They last only from fifteen to sixty or seventy seconds, 
their breadth variea from a few rode to several hundred 
yarda, and it is probable that the length of their track 
rarely exceeds twenty-five miles. 

138. Facts. Thia phenomenon is uaualiy preceded 
by a calm and sultry state of the atmosphere ; when sud- 
denly the whirlwind appeara, traversing the earth with 
great velocity, and sweeping down by its tremendoua 
power the mightiest products of nature, and the strongest 
works of man. Ponderous bodiea are whirled aloft mlo 
the air ; trees of large dimensions twisted off or torn up 
by ihe roots; buildings of the firmest construction pros- 
trated, and streams whirled from their beds and their 
channels laid bare. A whirlwind that occurred iu 
Silesia, in the year 1820, carried a mass weighing more 
than 6M lbs.,^i^^ feet above Uie top of a house, and 
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deposited it od the other side in a ditch, one hundred 
and fifty paces dialaot, 

139. In 1755 a tornado fell upon the village of Mira- 
beau, in Burgundy, laying dry the channel of the etnall 
river hf which it is traversed, and cariying the stream 
to the distance of sixty paces. In the New Haven 
whirlwind of 1839, and in that which occurred at Chate- 
nay, near Paris, during the same year, trees eighteen 
inchee in diameter were torn up by the roots. In one 
which happened at Maysville, Ohio, in 1843, a bam 
containing three tons of hay and /our horsea, was lifted 
entirely from its foundations. And such was ihe force 
of the wind during a tornado which occurred at Cal- 
cutta in 1833, that a bamboo was driven quite through 
a wail five feet thick, covered with masonry on both 
Bides ; an effect which was estimated, by a person on 
the spot, to be equal to that produced by a cannon car- 

. rying a six-pound ball. 

By the action of a tornado, fowls are often entirely 
stripped of their feathers, and light substances carried 
to a distance varying from two to twenty miles. 

140. The whirlwind is attended by all the usual 
phenomena of thunder-storms ; showers of hail fre- 
quently occur, and, at times, it is the scene of vevy 
extraordinary electric appearances. In the one which 
happened at Morgan, Ohio, on the night of ihe 19th of 
June. 1823, a bright cloud of the color of a glowing 
ooen, and apparently half an acre in extent, was seen 
moving below the dark canopy of the tempest. It shone 
with a splendor above that of the full moon, and ten 
minutes afler its passage, the narrator of the phenomena 
was enabled to read his Bible by its light. Just before 
the Shelbyville tornado, which took place at midnight, 
on the Sist of May, 1830, two luminous clouds were 
seen approaching each other, of the color of red hot 
iron; for a moment they united above the town, ex- 
tending over it like two fiery wings, and, at the next, 
rushed down to the earth : at this instant the whirlwind 
burst in all its fury upon the devoted spot. The writer 
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of this work was iafoimed by aa eye-witncBa, that, dur- 
ing the prevalence of the Btorm, so incessant was the 
play of the lightning, that the titles of books could be 
easily read, and the use of lamps was discarded io going 
lo different parts of the house. 

141. Origin. Several theories have been advanced 
to explain the causes of whirlwinds, but they are sup- 
posed to be generally produced by the lateral action of 
opposing^ winds, or the influence of a brisk gale upon a 
portion of the atmosphere in repose ; in a manner anal- 
(^ous lo the eddies that arise at the junction of two 
streams, flowing with unequal velocities, or the air- 
whirls that occur, when a wind sweeps bylhe corner of 
a building, and strikes tlie calm air beyond it. 

142. The existence of such opposing currents is fully 
proved by the observations of aferonauts, as well aa by 
those of observers at the surface of the globe. 

The whirl appears to originate in the higher regioos 
of the atmosphere, and as it increases in violence, to 
descend ; its base gradually approaching until it touches 
the earth. 

Thus, when on the summit of the Rigi — a mountain 
ID Switzerland — Kaemtz beheld two masses of fog ap- 
proaching each other, in the valley of Goldan, while the 
air around him was calm, and the sky serene. As soon 
as they united, a gyratory motion was perceived, the 
fog rapidly extended, accompanied with violent gusts of 
rain and hail. At the same time, (as appeared from 
subsequent information,) a furious storm fell upon the 
lake of the Four Cantons, far below ; in the midst of 
which a water-apout was seen. (Art. 150.) 

143. Whirlwinds excited by fires. Extensive 
conflagrations have been known also to produce whirl- 
winds, in consequence of the strong upward current, 
resulting from the great expansion of the heated air. 

A remarkable instance of this kind occurred between 
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Great Barrington and Stockbridge, Mass., in the monlh 
of April, 1783, and is thus related by Mr, T. Dwight, 
who beheld it. " In an open field, a large quantity of 
oruBl)-wood wail lying in rows and heapa for burning, 
perfec4ly dry and combustible. On a certain day, when 
the aimoaphere was entirely calm, the brush was ignit- 
ed on all Bides oJ' the field at once. I waii residiDg at 
this lime, at the dietance of about half a mile from the 
fire, when suddenly my aUention was aroused bya loud, 
roaring noise, like heavy thunder. Upon going to the 
dooFj 1 beheld the fire covering ibe field, and ihe flames 
collected from every aide iuto a. fiery column, bioad at 
the base, tapering upward, and extending to the height 
of 150 or 200 feet. This pillar of flame revolved with 
an amazing velocity, while from its top proceeded a 
spire of black smoke, to a height beyond the reach of 
the eye, and whirling with the same velocity as the fiery 
column. Ihiring the whole period of its continuance, 
the column of fianie moved slowly and majestically 
around the field. The noise of the whirlwind was 
louder than thunder, and its force so great, that trees 
six or eight inches in diameter, which had been cut, 
and were lying on Ihe ground, were whirled aloft to the 
height of forty or fifty feet." 

144. Duj'ing the terrible conflagration of Moscow, in 
1812, the air became so rarefied by the intense heat, that 
the wind rose to a frightful hurricane ; the roar of the 
tempest being heard even above the rushing sound of 
the conflagration. 

145. Results op Centrifugal Action. By the 
centrifugal action of the whirl, the air is driven outward, 
as in the case of hurricanes, and at the same time ^t- 
Tolly upwards, on account of the pressure of the sur- 
rounding atmosphere: a great rarefaction, therefore, 
occurs at the centre. As long as tlie base of the whirl- 
wind is above the ground, the warm air of the earth 
will stream under and upwards, into this partial void 
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from every quarter ; while, at the same time, the cold 
air will descend into it from the liigher region of tha 
atmosphere. 

By this union, a powerful condeneation of vapor oc- 
curs; causing the precipitation of rain and hail, and 
the development of electricity. 

146. These, however, constiime no essential part of a 
whirlwind ; for, if the cuitents of air that give rise to 
this phenomeniHi are very dry, the violence of the wind 
is ti»e only remarkable circumstance. This was shown 
in the case of a small whirl, wlitch involved two persons, 
who were going one cloudy day from Halle to Gie- 
bichenstein. Suddenly they were separated by a gust 
of wind ; one beitig driven against a wall, and the other 
thrown into a field ; while the people who were near 
had not discerned the slightest disturbance in the at- 
mosphere. 

147. When the base of the whirlwind dencenda to the 
earth, it touches the surface, either partially or wholly, 
according as the axis is inclined or vertical. In the first 
case, the inward Sowing currents will he parliaili/, ami 
in the second entirely, arrested by the centrifugal action 
of the storm. 

The same results often occur when it covers a build- 
ing. Hence, the atmosphere becomes exceedingly rare- 
deid, both above, and around the edifice ; and if it hap 
pens to be closed, and the tornado is violent, its walls 
will be burst outward by the sudden expansion of the 
air wiibin, (C. 509.) Just as a sealed bottle of thin glass, 
under the exhausted receiver of an air-pump, is shivered 
by the elastic force of the enclosed air. 

148. Effects of Gzpansiok. In the tornado that 
happened at Natchez, in 1840, the houses exploded 
wherever the doors and windows were shut; the roofs 
shooting up into the air, and the walls, even of the 
strongest brick buildings, bursting outward with great 
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force: but no such dcBtruction occurred when a free 
outlet was atforded to the air within. One gentleman 
^as the storm approached, caused all the windows aod 
doors of his house to be opened, and though its struc- 
ture was frail it experienced no injury; not eveo a 
aiiigle pane of glass being broken. 

149. On the 18th of June, 1839, a whirlwind (to 
which we have allnded) fell upon the village of Chate- 
nay, near Paris. In the room of a house, over which it 
passed, several articles of needlework were lying upon 
a table : the next day some of them were found in a 
field, at a great distance from the house, together with a 
pillow-case taken from auotber room. They must have 
been carried up the chimney by the rush of air out- 
wards, as every other means of exit was closed. An- 
other singular illustration of the fact before us took 
place in toe Shelbyville tornado. Soon after its occur- 
rence, a lady missed a bonnet, which, the day before 
thBtf orm, was lying enclosed in a bandbox in her cham- 
ber ; some weeks afterwards, she accidentally observed 
a ribbon hanging from the chimney, which proved to be 
the siring of her bonnet. The house had been closed 
during the storm, and the expansion of the air within 
the bandbox had forced off the lid — the lost article had 
been borne by the outward flowing current up the chim- 
ney, which afforded the only mode of ^ress, and there 
it had lodged. 



CHAPTER IV. 

WATEa-BPODTfl. 

150. A WATBH-sporT is a whirlwind over an ex- 
panse of water, an the sea or a lake, differing from a 
land-whirl in no other respect than that water is sub- 
jected to its action, instead of the bodies upon the sur- 
face of the earth. 

151. A water-spout usually presents the following 
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Buccessive appearaaces. At first it ia iieen as an invert- 
ed cone, either etraig'ht or slightly curved, extending 
downward from a dark cloud to which it seems to be 
attached. As the cone approaches the surface of the 
water, the latter becomes violently agitated, and, rising 
in spray or mist, is whirled round with a rapid motion. 
As the cone descends lower the spray rises liigher and 
higher, until botH unite, and a continuous column ia 
formed extending from the water to the clouds. 

The spout is now complete, and appeal's as an im- 
mense tube, possessiug both a rotary and progressive 
motion ; bending and swaying under the action of the 
wind as it advances on its course. 

When the observer is near, a loud, hissing noise is 
heard, and the interior of the spout eeems to be traversed 
by a rushing stream. 

After continuing a abort time tlie column is disunited, 
and the dark cloud gradually drawn up; for a while a 
thin, transparent tube remains below, but this at last is 
also broken, and the whole phenomenon then disap 
pears. These successive changes are represented in 
figures 9, 10, 11, which are taken from skelches of water- 
spouts actually seen. 
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152. Facts. A water-Bpout occurred at Cleveland, 
Ohio, Id September, 1835, which, from the desciiption, 
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well illustrates the origin and characteristics of this plie- 
Domenon. "A heavy storm-cloud, driven by a north- 
west gale, was met by a strong opposing current; 
when an arm of the cloud appeared to drop down, and 
dn^ the waves up towards the sky. The whirling and 
dashing of the spray at the surface of the lake, and the 
column of water aiid mist extending, in a tall and tor- 
tuous line, to the cloud, were so well defined a^ to ex- 
cite the admiration of all who observed them. At thf: 
expiration uf about seven minutes, the north-wester tri- 
umphed, and swept the cloud to the south-east of thti 
Bily." 

153. The watei-spaut does not always pass through 
the various changes that have been detailed : sometimes 
the upper portion only is developed, depending from a 
maad of hlack clouds, like a huge, tapering truuk, with- 
out ever reaching the water ; at other times, nothing is 
seen but the cloud of spray and mist that forms the base. 
On the voyage of the Exploring S'luadron from New 
ZeaUnd to Tongatabou, a spout was beheld in the act 
of foiming, at the distance of about li.ilf a mile. A cir- 
culai motion was distinctly perceived, the water flying 
ofT in jets from the circumference of a circle, apparently 
fifty feet in diameter. A heavy, dark cloud hung over 
the spot, but no descending tube appeared, nor was there 
any prc^ressive motion. In a short time the cloud dis- 
persed, and the surface of the sea resumed its former 
state. 

164. It is by no means uncommon for several water- 
spouts to awiear at the same time. In May, lif^O, 
Lieutenant Ogden beheld, on the edge of the Gulf stream, 
no less than seven in the course of half an hour : vary- 
ing in their distance from the ship from two hundred 
yards to ttvo miles. 

166. DiMENSioKs. The <2w»n«fer of the spout at its 
base ranges from a few feet to several hundred, and its 

Does (he waier-spout ilwaf* aiidergo tb»*e chouftes 1 
Under what Ibrniiia It M>m«limel Been 1 
How niBny Iwvo been wen »i ooee 7 
WhU I* ths breidlh uut hdght of v 



.-, Google 



ra AEBIAL FHENOHBNA. 

altitude 19 Buppoeed by some to be at times as great as 
a mile. In the account given by tbe Hon. Capt. Napier, 
of a t^pout whicH he beheld in 30° 47' N. Lat., ami 62° 
W W. Lon., the diameter was judged to be 300 leel; 
and the height of the column to the point where it en- 
tered the hanging cloud, was computed, from obeerva- 
tioD!< taken by the quadrant, to be 1720 feel, or nearly 
one-third of a mile. 

156. Popular error. It is a common belief, Ikat 
water is drawn up by the action of the spout into the 
clouds ; but there is uo proof, whatever, of a continuous 
column within the whirling pillar, and the fact, that the 
water, which sometimes falls from a spoUt upon tite 
deck of a vessel at sea is always fresh, sufficiently re- 
futes the idea. The torrents of rain, by which this phe- 
nomenon is often accompanied, can be fully accounted 
for by the rapid condensation of vapor that occurs, when 
the warm, humid air of the sea flows inward to the 
vortex of the whirl, and there combines with the cold 
air of the upper regions of tbe atmosphere, which de- 
scends to fill tbe partial void. From this union the 
electric phenomena of water-spouts arise, and the vio- 
lent hail-showers that at times prevail ; the mode, bow- 
ever, in which they originate, will be explained here- 
after. 

When a vessel is in the vicinity of water-spouts, can- 
non shots are usually fired for the purpose of destroying 
them ; lest the vessel should be injured if a spout were 
to pass over it It is not improbable that such an effect 
may be produced when the spout is either struck by the 
balls, or violently agitated by the concussion of the air 
arising from tbe discharges. 

1&7. Sand Pillars. Another formof the whiilwind 
is exhibited in the pillars of sand, which are not unfre- 
quently seen in the deserts of Africa and Peru. Bruce, 
on his journey to Abyssinia, beheld eleven vast columns 
of Hand of lofty height, moving over the plain at the 
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same timt ; some with a slow and majestic motion, and 
others with great velocity. Now, with their summita 
reaching to the clouds, they rapidly appioached the 
terrified observers, and, the next moment, were borne 
awayby the wind with incredible swiftness. 

Their tops, at times, were seen separated from the 
main pillars, and the latter were often broken in two, as 
if Btruck by a cannon shot : the diameter of the largest 
was about ten feet. 

While Mr. Adanson was crossing the river Gambia, it 
sand-whirl, twelve feet in breadth and two hundred and 
fifty in height, passed within forty yards of his boat. 

158. The same phenomena are seen upon the Peru- 
vian coast, "The sand," saya Dr. Tschudi, "rises in 
columns from eighty to one hundred feet high, which 
whirl about in all directions, as if moved by magic. 
Sometimes they suddenly overshadow the traveler, who 
only escapes by rapid riding." 

159. Beneficial effect of Winds. The utility 
of winds must be evident to all. By their aid vast oceans 
are crossed, and the products of distant climes wafted 
from shore to shore. Different nations are linked to- 
gether by social and commercial ties, the blessings of 
civilization diffused, and the glad tidings from a better 
world borne to every land. 

The growth and decay, both of animal and vegetable 
life, vitiates the atmosphere, and renders it unfit for 
respiration ; but the wmds prevent the deadly effects 
that would flow from this source, and the air becomes 
pure and salubrious, from its constant circulation. 

Even the fieice tempest may be a messenger of mercy, 
by sweeping from the air the seeds of pestilence and 
contagion. 

The advantage of winds in distributing moisture to 
the earth, will be seen in the following pages. 

Describe thorn seen by Bruce and Adanson. 
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160. Rain is produced by the rapid union of two or 
more volumes of humid air, di£'ering considerably, in 
temperature ; the Heveral portions in union being inca- 
pable of holding the game amount of moisture that 
each can separately retain. 

This circuniatauce is the resuh of the law, that the 
capacity of the air for moisture decreases at a faster rate 
than the temperature. 

161. This effect may be thus illustrated : 4000 cubic 
inches of air, at the temperature of 86° F'ah., can con- 
tain no more than 31i grains of moisture, and an equal 
volume, at 32° Fab., only 7-fth grains. Now, if Ibe two 
volumes are mingled together, their average temperature 
will be 59° Fahrenheit, and the weight of moisture they 
unitedly possess will be 39itb grainsi. But, at this tem- 
perature, 31^- grains is all the moisture that 8000 cubic 
mches of air can possibly retain ; since the first portion, 
by its union witli the second, diminished its capacity 
one-half, while that of the latter was only doubled. The 
excess, therefore, of 7t grains will be condensed, and 
desc«nd in the form of water. 
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162. Rain is the result of such combinationB oa an 
extensive scale, and tbe quantity that falls at any par- 
ticular Lime or place, depends upon the difference in the 
several temperatures of the combining volumes, and the 
amount of moisture which each separately possesses. 

163. Winds are the great natural agents by which 
such combinations are effected, and these occur most 
readily, when the currents of air are shifting and varv- 
able. Constant winds, blowing steadily from the same 
quarter and possessing an unchanging temperature, can 
produce no such admixture, and they are consequently 
attended with dry weather ; except in the case where 
they strike the sloping sides of lofty mountains, carrying 
the warm air of tne sea and the vales far up into the 
colder regions of the atmosphere. 

164. Rain-qauoe. The quantity of rain that fallsat 
anystation during agiven time, is ascertained by means 
of the rain-gauge, aQ instrument which is constructed 
in a variety of ways. 

One of tne best consists of a cyhndrical, copper vessel, 
furnished with a fioat ; the rain falling into the vessel 
raises the float, the stem of which is so graduated that 
an increase in depth, to the extent of one-hundredth of 
an inch, can easily be measured. 

The greatest annual depth occurs at San Luis, Ma- 
ranham, 2° 30' S. Lat. ; and Vera Cruz ranks next in 
this respect. At the former place, 280 inches have been 
observed to fall in the course of a' year, and at the latter 
278 inches. 

165. DisTRiBDTioN OF Rain IN Latititde. Since 
the capacity of the air for moisture increases with its 
temperature, we should naturaUy infer, that the higher 
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the mean tempertiture of any region, the greater would 
be the amount of raiu which deaceads upon it. 

This is true as a general rule, for the annual depth 
of rain is found lo d&rease with the increase of latitude, 
as will be seen from the annexed list of seven localities, 
where the rain has been measured. 





N«lhL.titud.. 


Anniul ilgplli of Run in iiKkH. 


OrenadB, . . 


12° 


126 


Caw. FmnoolB, 


19° 46' 


120 










4PH' 


39 


London, . . . 


61° 31' 


25 




B9»6e' 


le 




65° 1' 


13.6 



1C6. Exceptions. Although this general relation 
to latitude exists, it is by no means to bo supposed, that 
the same amount of rain descends yearly upon all re- 
gions lying within the same parallels ; local causes will 
have their influence, and create, in many cases, extra- 
ordinary departures from the common rule. Thus, 
Bombay and Vera Cruz possess, nearly, the same position 
in latitude ; but while at the former city, the annual depth 
of rain varies from 61 lo 112 inches, that of the latter 
ranges from 120 to 278 inches. 

This is owing to the following circumstances. Vera 
Cruz is backed by a chain of lofty mountains, rising be- 
yond the limits of perpetual frost, and hither the hot and 
linmid tropical air is constantly driven by the trade 
winds, as they sweep from the sea. Hence a great and 
sudden reduction of temperature occurs amid these icy 
regions, and the air, no longer capable of absorbing its 
vast stoies of moisture, precipitates an immense quantity 
of rain. 

167. At Bergen, in Norway, it has also been found, 
that in consequence of the moist south-west winds be- 
ing checked in their course by the mounlaitis, more than 
S8 inches of rain descend in a year : a quantity greater 
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tbaa that which falls at Calcutta during the same 
period. 

168. Days op Rain. Though the annual amount of 
rain is greater in the low than in the high latiiudes, llie 
rainy days are not so numerous ; as appears by the fol- 
lowing tabl«, vhich presents the average yeaily num- 
ber, within tb^ latitudes indicated. 

N. latiln^. Meui uumal Dumber grriLizix dnji. 

Prom 



12° to 43° 


78 


43° « 46° 


103 


46° •■ 60° 


134 


60° " 60° 


161 



169. From this circumstance we should readily con- 
clude, that the ordinary rains of the tropical dimes 
must be more powerful thati those of the temperate re- 
gitms ; an inference which coincides with observation ; 
for it is staled by Mr. Scott, that at Bombay, there once 
fell, during the &XBi twelve doysof the weiae-^BoOj/Atrty- 
two inches of rain, a quantity equal to the yearly ave- 
rage of England. 

170. This fact ie also shown by the sudden rise of 
brooks and rivulets ; a remarkable instPDce ot which is 
related by Mr. Elpbinstone, in the account of his mis- 
sion to Cabul. It occurred between the ludiis and Hy- 
daspes, and is thus described. " On one occ^iMon. th» 
rear-guard, with swne of the gentlemen of the mission 
were cut off from the rest by the sudden swelling of r 
brook, which had been a foot deep when they began U 
cross. Tt came down with surprising violence, cariytnf 
away some loaded camels that were crossing at tbr 
time, and rising about ten feet within a minute. Such 
was its force, that it ran in waves, like the sea, and ros# 
against the bank in a ridge, like the surf on the coast of 
Coromandel." 

171. Distribution in Altitude.. The great stores 
of atmospherical humidity reside in Jlie inferior strata 
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of ihe air, and, for this reaBon, less rain dmcends upon 
lofty tabU'lands and mountains, than upon regions 
ntttaied lower down in the same latitude. 

Thus, in India, on the Malabar coast, twelve degrees 
from the equator, the aimual depth of rain i:^ 136 inches ; 
while at Ootacamund, in the Nhil^erriea, a region lying 
a short distance to the east, in the same latitude, but 
S/WO feet above the ocean, the yearly amount of rain ia 
only 63.88 inches. Likewise, at Sante Fe de Bogota, 
New Grenada, a city that enjoys an elevation of 8,800 feet, 
in the fourth degree of north latitude, the annual quan- 
tity of rain is nearly the same as that which falls in 
Germany, which ia about twenty-one inches. 

Even slight variations in altitude cause perceptible 
dilTerences in the quantity of rain. At the Paris Observa- 
tory, a rain-gauge ia placed in the court, and another 
upon the terrace, eighty-nine feet above. The mean 
annual depth of the rain which fell in the court for a 
space of ten years, was found to be 32.44 inches, and 
of thai which descended upon the terrace during the 
same period, only 19.68 inches. 

172. Rain upon Coasts, We have remarked, that 
the air above the ocean ia always saturated, and that its 
humidity decreases as we penetrate from the sea-shore 
into the interior of a country. Conformably to this law, 
other things being equal, more rain descends upon the 
coasts than upon the central regions of a country ;iaa.s- 
much as a lees reduction of temperature will here pro- 
duce a precipitation of moisture. 

Besicfes, when the warm, humid air is borne inland by 
the winds from the aea, its course ia marked by descend- 
ing showers, and its inherent moisture decreases with 
its progress. Thus, on the west coast of England, 37 
inches of rain fall in the course of a year ; while in the 
interior, tipon the eastern side, ihe annual depth is 35 
inches. The maritime and inland regions of France 
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aud Holland differ, m this respect, one iach. In ibis 
couatiy, the yearly average fall of rain at Boston, for a 

Eriod of S3 years, is 39.23 inches ; at Hanover, New 
ampahire, 38 inches ; ?n New York State, 36 inches ; 
and in Ohio, 36 inches. A diminution occurring as we 
advance into the interior, notwiihstandiag Uie i^uence 
of the great northern lakes, in the last two instances. 

RAINS WITHUr Tas TEOFIOS. 

173. Upon the ocean, in the region of calms, where 
the gusts of wind are ever changing their direction, tor- 
rents of rain frequently descend. On the land, in all 
places where the trade wind blows constantly seaward, 
no rain falls, and the sky is always serene ; but, wher- 
ever disturbances occur in this current and the mon- 
soons prevail, the rains are periodical, and the year is 
divided into two seasons, the wet and the dry. These 
are so marked in their character, that whole months 
pass away without a cloud obscuring the sky, or miti- 
gating the fierce heat of the sun : then the face of na- 
ture entirely changes, the heavens gather blackness, the 
rain comes down like a deluge, and the paiched earth 
is refreshed, for many successive weeks, by copious 
showers. 

174. Rainy Season. The rainy season commences, 
in all the countries within the tropics, at ihc shifting of 
the monsoons ; and as tbL-< change is dependent upon the 
position of the sun, it begins earlier in tbose regions 
thai lie near the equator, than in those more remote. 

At Panama, 8° 48' N. Lat., the rain falls early in the 
mootli of March; but it seldom appears at Si. Bias, 
California, before the middle of June. In Africa, near 
the line, the rainy season begins in April, both upon 
the sea-coast and in ibe interior ; but in tue countries 
watered by the Senegal, it cummeiicee in June, aud lasts 
till November. 

How Bra rains d siribut d oilhia the tropica 1 

Haw la the yfar divided whure the monMona preiaill 

When does the rainy aemoo occurl 

In what regioiu eui]' 1 lowhatlstel lUustrate. 
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In India, the raioB occur in May, at the southern ex- 
tremity of the Malabar coast, but do not reach Delhi 
until nearly the end of June. 

175. Cause. These slated rains originate in the 
change of the periodical leitids, by which the union of 
vast volumes of air, differing in temperature, is rapidly 
efTected. The subject cannot be better illustrated, than 
by recurring to the origin of the monsoons of India. (Art 
106.) Eaily in the month of June, the soil of the penin- 
sula becomes intensely heated by the vertical rays of the 
suD, and powerful currents of rarefied air then ascend 
from the earth. To supply the deficiency thus created, 
the warm and humid atmosphere of the equatorial seas 
flows in, constituting the south-'Ufest monsoon ; this wind 
now mingles with the cool, dry air, which the north- 
east monsoon, for the six previous months, has been 
constantly bringing to the peninsula from the polar 
and temperate cUmes, and thus produces a combination 
favorable to the precipitation of rain, upon a most exten- 
sive scale. 

176. Periodical Bains op India. On the Malabar 
coast, the south-west monsoon is ushered in by terrific 
storms of thunder and lightning, the water pours down 
in torrents, and, when the thunder has ceased, nothing 
is heard for several days but the rush of the descending 
Tain, and the roar of the swelling streams. In a few 
days, the storm ceases, and the earth, which before was 
withered by the glowing atmosphere, is now, as if by 
magic, suddenly clothed with the richest verdure ; the 
air above floats pure and balmy, and bright tropical 
clouds sail tranquilly through the sky. 

After this, the rains fall at intervals for the space of 
a month, when they again return with great violence. 
In July, they attain their height, and from that time 
gradually subside until the end of September, when the 
season closes, ad it began, in thunders and tempests. 

177. The following table, the result of the ohserva- 
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tiona of twelve years, shows the mean moothly average 
for the rainy season, at Bombay ; and serves to elucidate 
the preceding renoarks. 

June, 24 

July, 23.95 

August, 18.87 
Sept, 14.06 

OcL, 1.06 

178. The south-west monsooa does not, however, 
bring rain to the wliole of India. Parallel to the west- 
ern coast runs a chain of high moualains, termed the 
Ghauts: here the monsoon is arrested in its course, 
and most of the moisture with which it ia charged, is 
precipitated, ere it arrives at the central table-land of 
Mysore. On the eastern, or Coioraandel coast, its in 
fluence is uot felt, and the seasons are heie reversed. 
From March till June, the winds are hot and moiet, 
blowing mostly from the south, over the Bay of Ben- 
gal ; from June to October the heat is very great, but 
about the middle of the latter month, the cool, north- 
east monsoon commences, bringing the periodical rains, 
which terminate by the middle of December ; the mon- 
soon continuing to blow until the beginning of March. 

179. Periodical Rains op Congo. We trace the 
rainy and dry seasons of Congo, in the southern hemi- 
sphere, to the same cause. In general, from about March 
to September, no rain descends, but ^ales from the 
south and south-east temper the burnmg atmosphere. 
In October, hot and humid winds blow from the north- 
west over liie Gulf of Guinea, and the country is then 
flooded by frequent rains, which continue to increase 
until January. Slight showers then fall at intervals 
until March, when the rains recommence and continue 
for a short time. 

Illustrate from the laUe. 

What la tbs inflneDce of tbe CHiauts upon the sauth-west moiuoaal 

What Is Bald or the teaaonw on ttie eaaUni co&ttl 
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AAinS m THS HIQBER LATTTDSES. 

180. Beyond the tropics, the rains na longer occur at 
stated periods, but are distributed throughout the sea- 
Sons without regard to any law. 

Thus, in the west of England, the amount of rain in 
wiDter is eight times greater than in summer ; but in 
Germany, it ia one-ha^ of what falls in summer, and 
at St. Petersburg a little more than one-third. In Italy 
the gre test quantity descends in autumn. There is the 
same irregularity in the number of rainy days; for in 
the west of England, there are more rainy days in win- 
ter than in summer ; but in Siberia, it rains four times 
as often in summer as in winter. 

181. Rainy Winds. The rains in the higher lati- 
tude?, as well as within the tropics, depend upon the 
changes of the wind; though one wind may be more 
productive of rain than another, and, in (lifTerent regions, 
the rainy winds do not always blow from the same di- 
rection. 

In Europe, north of the Alps, the north-east wind is 
dry and cold, sinne it sweeps over the land from the 
higher latitudes; but the south-west wind brings the 
ram, for, coming over the Atlantic from southerly 
climes, it ia warm and humid, and its capacity for moist- 
ure is constantly decreasing. 

Out of one hundred showers that weie noted at Ber- 
lin, scarcely any occurred when the north-eaat wind pre- 
vailed; while nearly half were brought by the winds from 
thesouih-weat and veeL Moreover, it rained only once 
for every nine tim/^; that the easterly winds blew, but 
thrice for the Ban's -.lumber of times in which the south- 
westerly breezes predominated, 

183. The reverse of this occurs on the eastern coast 
of the United States, for here the north-east winds give 
rise to the long storms of the fall and spring. At these 
seasons, aa appears from the observations of Dr. Hale, 
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of Boston, continued through a period of twenty-two 
years, the winds are colder than the atmosphere of the 
land, and as they come from the sea charged with moist- ' 
ure, the cause of the rain is readily discerned. 

KEQIONS WITHOITT BAIN. 

183. Egypt. In Egypt it scarcely ever rains. At 
Cairo, there is an average of four or five showers a year ; 
but, as we recede from the coast, it becomes more rare, 
until in Upper Egypt, under the cloudless sky of Thebes, 
a man's life may pass away witliout liis ever beholding 
a single rain. 

184. The cause of this scarcity of rain is to be sought 
in the peculiar conformation of the surface of this coun- 
try. It is a narrow valley, bounded by two mountain 
ridgea on the east and west; the first prevents the 
moisture exhaled from the Red sea from reaching the 
valley, and, as the African deserts extend beyond the 
western range, no source of rain exists in this quarter. 

185. The northerly winds, which blow from May till 
October, bearing off the vapors of the Mediterranean, 
pa^ over the whole length of the valley of the Nile, with- 
out meeting any obstruction ; and it is only when they 
are driven up the high range of the Abyssinian moun- 
taios, that they become sufficiently cooled to precipitate 
rain. Here it descends most copiously during the sum- 
mer months, swelling the tributaries of the Nile, and 
producing its annual inundation. 

186. Much of the humidity brought by these con- 
stant winds, can be reuined by ^e atmosphere of 
Egypt, without being precipitated ; since it is far below 
the point of saturation, in consequence of the prevalence 
of hot, dry winds from the desert, (Art, 114,) and the ex- 
treme aridity of the soil. 

So free from moisture is the ground, that myriads of 
humaa bodies have rested for ceoturiee within its bosom 

Why ie it rainy 1 

Whit i> uld of Egypt 1 

Why la It Ihal rain rardy &lJi in thll countty t 
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withorit suffering the least decay ; and in a collection of 
aniiquities, now in the British Museum, there 13 an an- 
cient model of an Egyptian house, the store-rooms of 
which, when firat discovered, were full of grain that had 
remained uninjured for ages. 

187. Peru. Along the coast of Peru is stretched a 
plain of sand, five hundred and forty leagues in length, 
and varying from three to twenty in breadth, upon which 
no rain descends. So rare is the occurrence of a real 
shower at Lima, that it is a source of terror ; and when 
such an event happens, religious processions parade the 
streets, imploring the protection of heaven for their en- 
dangered city. 

Ihe want of rain in this region is thus explained. 
Parallel to the coast of Peru, and at a short distance 
from the sea; extends the bfty range of the Andes, the 
peaks of which rise far above the limit of perpetual frost. 
The constant east wind, sweeping from tne Atlantic 
to the Pacific, across the extreme breadth of ScHith 
America, gradually ascends the slope of the Andes; 
but by the lime it has passed their summits most of the 
vapors with which it is charged, are precipitated, and it 
comes to the shores of Peru comparatively destitute of 
moisture. 

188. Moreover, as a sandy soil is naturally dry, 
scarcely any evaporation occurs, and the hot air of the 
plains posseBses but little humidity. For these reasons, 
the difference in the temperature of two or more com- 
bining volumes of air is rarely sufficient to produce 
rain. 

189. A similar destitution of rain exists on the north- 
west coast of Africa, where the desert of Zahara reaches 
the Atlantic. In this region, intervals of six or seven 
years occur between the showers. 

190. Constant RArNS. In Guiana, it rains for a 
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great portion of the year ; nor is this surprising;, when w« 
reflect that this country is a low and marshy region, over- 
spread with immense forests; situated but afewd^reea 
north of the equator, and subjected to the influence of 
the north-easterly trade. 

The fierce heat of the sun fills the atmosphere with 
vapor, which returns to the earth ag;ain in incessaoi 
showers, as the coal air from the ocean flows in from the 
higher latitudes. 

In the interior, amid the primeval forests, the eno 
and stars are seldom risible, and the rains not unfre- 
quently continue for Jive or six months, with scarceljr 
any intermission. 

191. According to Darwin, rain thus prevails at the 
Straits of Magellan. " At Port Famine," says the writpi, 
" we have rounded mountains, concealed by impervioun 
forests, which are drenched with rain brought by an 
endless succession of gales : rock, ice, snow, wind and 
water, all warring with each other, here reign in abso- 
lute sovereignty." It is a proverbial saying, in the Isle 
of Chiloe, 43° 8. Lat., that it there rains six days of the 
week, and is cloudy on the seventh. 

192. Excessive Showers. The quantity of rain 
that falls during a single shower is sometimes amazing. 
At Cayenne, Admiral Roussin found, on one occasion, 
that ten inches and three quarters fell in the course of 
ten hours. There fell at Genoa, Oct. 25th, 1982, thirty 
inches in twenty-four hours; and at Geneva, on the 
20th of May, 1627, six inches in three hours. In the 
famous Calskill storm of July 26th, 1819, a tub, very 
nearly as large at the bottom as at the lop, was filled to 
the depth of fifteen inches and a half in/our hours. 

193. Rain without Clouds. Singular as it may 
appear, there are yet many well-attested instances of 
showers occurring when the sky was dear. This phe- 
nomenon was several times observed by Humboldt; and. 
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according to Kaemtz, it happens in Germany twice or 
thrice in a year. Od the 9th of August, 1837, a shower 
fell at Geneva, when (he sky was cloudless, that lasted 
two or three minutes ; and at Constantinople, rain was 
seen to fall by M. de Neveu, for the epace of ten mia- 
utes, when the heaveaa were perfectly serene. Accord- 
ing to Le Gentii, this occurrence is by no means un- 
common in the island of Mauritius, during the preva- 
lence of the south-east winds ; slight showers falling in 
the evening, when the stars are shining brilliantly. 

194. Cause. The following explanation has been 
given of this phenomenon. When rain ie produced by 
the intermixture of different volumes of air, the precipi- 
tated moisture usually assumes, at first, the form of 
small globules of vapor; an assemblage of which in the 
higher regions of the atmosphere constitutes clouds. As 
the process of condensation advances, more moisture is 
precipitated, and the globules uniting in rain-drops, de- 
scend to the earth. Now it is supposed, that, at times, 
the humidity of the atmosphere is coadens^ at once 
into rain, without passing through the intermediate stale 
of cloud; and under these circumstances a shower might 
fall from a cloudless sky. 



CHAPTER II 



OF FOOB. 



195, Fogs, or mists, are visible vapors, thai float at 
the atmosphere, near the surface of the earth. 

They originate in the same causes as rain; viz., the 
union of a cool body of air with one that is warm and 
humid ; when the precipitation of moisture is slight, 
fogs are produced ; when it is copious, rains are the 
result. 

Give cases. How U thii circa mstuiM eiplainedl 
What !■ the >ubjec( of chaplsr ncondt Dcflna fiiga. 
In what do thwj oilgliiaM 1 
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196. Constitution. When a mist is closely exam- 
ined, it is found to consist of minute globules, and the 
inveetigations of Saueauie, aod Kiatzensiein, lead us to 
suppose, that they are hollow ; for the latter philosopher 
discovered upon them rings of prismatic colors, like those 
seen upon soap bubbles ; (0. 79,} and these could not 
exist u the globule was a drop of water, with no air 
or gas within. The size of these globules is greatest 
when the atmosphere is very humid, and least when il 
Is dry. 

DISTSIBDTION IN LATTttTDE. 

197. Teopical Regions. Ft^s are not generally 
common in the equatorial clime, its high mean temper- 
ature being favorable to the dissolution of vapor. They 
are however, by no means, unfrequent at certain seasons, 
and in particular locahties. 

Thus, in India, just before the commencement and at 
the close of the ramy season, when the air contains an 
excess of moisture, but not enough to produce rain, 
clouds of mist so dense and (hick obscure the atmos- 
phere, that ihey are not dissipated until late in the morD- 
mg. 

During the month of December, the towering sum- 
mits of the Abyssinian moimtains are also shrouded in 
impenetrable fogs. Peru is remarkable for its ini^ly 
atmosphere, of which we shall soon speak more par- 
ticularly. 

198. Temperate Regions. In the temperate climes, 
mialB frequenlly occur ; but are of comparatively stnali 
extent. 

199. Polar Regions. In the polar regions they 
spread ^or and wide, over sea and land, and prevail hotu 
in winter and summer. 

At the beginning of winter, the whole surface of the 
northern ocean steams with vapor, denominated frost 
tmoke; but as the season advances, and the cold in- 

WbM does a mlat coiuln oil 
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creaBefi, it disappears. Towards the ead of June, when 
the summer commeacea, the fogs are again seen, maut- V^ 
ling the land and sea with their heavy folds. By the 
middle of summer, these also disappear, to return again 
at the approach of winter. 

So dense are these misls, that they render the naviga 
tion of the polar seas extremely dangerous, and the nar 
rativea of the hardy esplorera of these inhospitable 
climeB are full of the perils arising from this source. 
Simpson, who penetrated by land to the Arctic ocean, 
in 1837, speaks of the dense fog that often involved his 
party in imminent danger, while coasting along these 
ice-bound shores. 

200. Cause. The phenomena of the polar fogs are 
explained in the following manner. During the short 
Arctic summer, the earth rises in temperature with 
much greater rapidity than the sea : the thermometer 
sometimes standing, according to Simpson, at 71° Pah. 
in the shade, while ice of immense thickness lines the 
shore. Flowers also bloom at the surface of the ground, 
when the soil is firmly frozen fow inches below. The 
air, incumbent upon the land and water, partakes of 
their lespective temperatures ; and on account of the 
ceaseless agitatians of the atmosphere, a union of the 
warm air of the ground with the cool air of the ocean 
will necessarily occur, giving rise to the summer fogs. 
But, as the winter approaches, the land becomes colder 
than the sea ; since the heat acquired during the sea- 
eon of summer is lost far more slowly by the latter than 
by the former ; and then, upon the warm surface of the 
ocean, will float the frost smoke, as the cool air flows 
down upon it from the adjacent shores. 

LOCAL DISTKIBimOII. 

301. Fags are found along the course of rivers, upon 
the sides of mountains, and over shoals and capes. It 
IB not difl^cult to detect the cause of their appearance in 
these situations. 
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302. Rivers, The banks of a river, during the ni^t, 
lose more heat by radiation than the stream itself, and 
to ihe air, which resta upon each, a similar difference in 
temperature is imparted. By the fluctuations of the at- 
mosphere, an intermixture is readily effected ; and the 
superfluous moisture is eeen, in the morning, floating' in 
fog over either bank, and tracing in a wreath of mist 
the devious windings of the stream. Fogs usually oc- 
cur over rivers in the earlf/ part of the day ; for the rea- 
son, that soon after the bud rises the equality of tem- 
perature is restmed, and the vapor is then rapidly dissi- 
pated. 

203. When Sir Humphrey Davy descended the Dao- 
ube in 1818, he observed that mist was regularly 
formed, when the temperature of the air on shore was 
from three to six deff^ees lower than that of the stream ; 
and, at the junction of the Inn and IIz with the Danube, 
at sis o'clock on a morning in June, he found the distri- 
bution of temperature, and the state of the mist, to be as 
follows. 







«"^X'rs'™ 


64° F»h. J 


Danube, 62" Pah. 
Inn, B6° 
Hz, 5G° 


Thick fog dl over. 
Dense m^laU over. 
Light mist. 



204. It in not essential to the production of fogs, that 
the air of the stream ijhould be leamier than that of the 
land ; it may be colder, and then fogs appear, if the dif- 
ference of temperature is sufiiciently great. This is the 
case on the Mississippi. During the spring and fall, 
mists form over the river in the daytime, when the tem- 
perature of the water is several degrees below that of 
the air above, and the air above cooler than the atmos- 
phere upon the banks. These diurnal fogn, tfauu)(b 
often extremely dense, are chiefly confined to the river, 
and seldom extend beyond its banks. 

Why do Ibef occur along ihe course ofriveral 

State Sic H. DaTf'a abservaiions. 

Under what other drcumatancea can miBtaocCDrl CH*e InHaiwM. 
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205. On the 31st of Dec. 1847, as the writer was 
slandiag upon a bridge, which crosses one of the tribu- 
taries of the Connecticut, be was unable to perceive a 
mill, 140 yards distant, in consequence of the dense fog 
which covered the river. Upon examination, the tem- 
perature of the water was found to be 32° Fah., and that 
of the air, close by the stream, 46° Fah. : a difierence, 
here existing, oi fourteen degrees. 

306. Mountains. Fogs appear upon mountains, be- 
cause the warmth of the atmosphere dimioishefl as we 
ascend, (Art. 51,) and the cool and shady forests, (hat 
clothe their sides, contribute still further to lower the 
temperature. Hence, when the warm air of the vales 
is gradually driven up by the wind into these regions, lis 
capacity for moisture is continually reduced, until at 
length a precipitation occurs, and clouds of mist involve 
both clifT and foresL 

207. At the Mountain-House, on the Catskill range, 
the temperature in summer iaten degrees lower than in 
the valley of the Hudson : and ol'len when a breeze sets 
towards the mountain, a spectator upon the summit be- 
holds, at first, a wreath of nii^t extending along the 
base ; soon the lower belt of forest is concealed from 
view, and the fc^ continuing to ascend, thickening and 
spreading on every side, the landscape ere long is com- 
pletely veiled, and a chilling wind sweeps past, loaded 
with moisture. A fact related by Sir John Hevschel, 
aifoi'da a striking iUuniration of the influence of trees in 
condensing moisture. During the residence of this gen- 
tleman at the Cape of Good Hope, he observed, that on 
the side of the Table-Mountain from which the wind 
blew, the clouds were spread out and descended very low, 
and often without any rain falling ; while on the oppo- 
site side they poured over the face of the mountain in 
dense masses of vapor. Sir John discovered, when walk- 
ing beneath tall fir trees, while these clouds were closely 
overhead, that he was subjected to a copious s/iouier, but 
on coming from beneath the trees, the rain ceased. On 
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investigating the caiiae, he found ihat the clouds were 
condensed into rain on the cool tops of the trees. 

208. Capes. The reaaon for the exit^tence of fogq 
over capes and headlands haa already been given, in 
accounting for the prevalence of mist in the polar 
climes. 

The aoil of these places becomes warmer in summei 
than the ocean that wa<ihes their shores ; but in the 
winter, coider; and the difference in temperature w 
usually sufficient to produce a constant succession of 
mists. 

20ft. Shoals. A similar state of the atmosphere 
occurs over shoals, inasmuch as their waters are colder 
than those of the main ocean. Thus, Humboldt found 
near Corunna, that while the temperature of the water 
on (he shoats was 54° Pah., that of the deep sea was as 
high as 59° Fah. 

Under these circumstances, an intermixture of the 
adjacent volumes of air, resting upon the waters thus 
differing in temperature, will naturally occasion foga. 

210. Newfoundland. Mists of great extent shroud 
the sea on the banks of Newfoundland, and particularly 
near the current of the Gulf Stream. The difference 
in the warmth of the waters of the stream, the ocean, 
and the banks, fully explains this phenomenon. This 
current, flowing from the equatorial regions, possesses 
a temperature 51° Fah. above that of the adjacent ocean, 
and the waters of the latter are from 16° to 18° warmer 
than tbose of the banks. The difference, in tempera- 
ture, between the waters of the stream and banks, has 
even risen as high as thirty degrees. 

211. England. England, surrounded by a warm 
sea, is subject to thick fogs, that prevail extensively in 
the winter. In London they are oflen so extremely 
dense, that it is necessary to light the gas in the streets 
and bouses m the middle of the day. Oa the 24lh of 

WhyoTarcapeal Whr over BhoalB ? 

How are the fogs of Newfoundland explained t 

Deaciibe thaw of England. 
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February. 1833, people in the streets were unable, af 
mid-day, to aee distinctly on account of the fog ; and in 
the evening, the city having been illuminated, as this 
day was the birth-day of the queen, boys went about 
with torches, saying, " that they were looking for the 
illumiDa.tion." Similar fogs have been observed at Paris, 
and Amsterdam. The smoke, arising from the exten- 
sive combustion in such large cities, is regarded, by some, 
as contributing to the density of these extrao^inary 
foga. 

212. Garuab. We hare seen, (Art. 187,) that along 
the coast of Peru, the atmosphere scarcely ever posseaaes 
sufficient moisture to produce rain ; it contams, how- 
ever, enough to create widely extended and continued 
fogs. 

The wintry season, in this country, lasts from April 
to October, and, throughout the whole of this period, a 
veil of mist shrouds sea and shore. At the beginning 
and end of this season, it rises between nine and ten in 
the morning, and disappears about three in the after- 
noon, at the hottest portion of the day. But, during 
the months of August and September^ the vapor is ex- 
tremely dense, and rests /or weeks tTnmovably upon the 
earth. In October and November, the misty canopy 
begins to rise, and gradually growing thinner, at length 
yields to the piercing raya of the sun, and is entirely 
dissipated. 

213. These fogs, termed by the natives, Oaruas, are 
said to be at times so heavy, that the moisture falls to 
the earth in large drops, which are formed by the union 
of small globules of mist. There is, however, this dis- 
tinction, between them and rain-drops; (hat the latter 
descend from the more elevated regions of the atmos- 
phere, while the gamas do not extend higher than 
twelve hundred feel ; their average altitude varyiog from 
seven to eight hundred. 

214. Passing eastward from the Puna table-lands of 
Peru, across the lofty ridges of the Andes, the traveler, 
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after desceniliDg a few hundred feet, arrives at a region 
totally differeot from that which he has just Left He 
DO longer breathes a pure and refreshing atmosphere ; 
for the air is loaded with vapors, and the wooded ranges, 
called the Ceja de la Montana, or mist of the mountain, 
are clouded with fogs throughout the year. In the 
dry season, these are dissolved, during the day, by the 
powerful infiuence of the sun ; but in the winter they 
condense upon the hills, and descend in ceaseless tor- 
rents of rain. 

215. Proceeding in the same direction, from the Ceja 
de la Montafia, the magnificent slope of the Andes soon 
opens upon the sight ; not reposing beneath a clear and 
azure sky, but overshadowed by a thick veil of mist, 
impenetrable to the rays of the early sun, and yielding 
only to his noontide beams. 

216. The explanation of these phenomena is to be 
found, in the constant advance of the humid trade wind, 
from the eastern shores of South America to the tow- 
ering summits of the Andes. Rising continually in its 
onward prioress into higher and colder regions, its ca- 
pacity for moisture \a ever diminishing, and the atmos- 
phere is always near the point of saturation. Its inland 
0001*86 will thus be marked by abundant rains, and when 
these abate, fogs and mists succeed in their turn. 

By the time this great aerial current has ariived at 
the more elevated ridges, most of its humidity has been 
discharged ; during the dry season enough only remains 
to produce extensive mists ; and when, at length, it 
has reached Peru, it possesses scarcely any moisture. 
(Art. 187.) 

217. A powerful auxiliary cause exists, in the rich 
and luxuriant vegetation, that springs up every where 
throughout this boundless region. The light of a trop- 
ical day, in its meridian splendor, can scarcely pierce 
the massive foliage of those mighty forests, which stretch 
away for leagues from the base of the lower Andes; 
while the lighter forms of vegetation, spreading in wild 
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exuberance over the higher belts, effectuatly shield the 
earth from the fierce rays of the sun, and check the pro- 
gress of evaporation. The soil, thus shaded, is always 
moist, and the air warm and humid ; and from the 
causes already stated, such results are hero produced as 
we should readily infer — excessive rains in the tower 
forests (190), and clouds of mist apon the more elevafeci 
ranges. 



CHAPTER m. 

OF DLOUDa. 

^18. The name of clouds is given to those coUecHmis 
of vapor, thai float at a lofty allitude above the earth. 

219. Though differing from fogs in sUuation, they 
onginate in precisely the same causes ; being formed, 
in the higher regions of the atmosphere, by the union of 
warm and cold air, when the combining volumes are 
over saturated. The excess of humidity, when slight, 
then appearing in the atmosphere in the form of clouds. 

220. During the daily process of evaporation, warm, 
humid currents of air are continually ascending from 
the earth; the higher they ascend, the colder is the at- 
mosphere into which they enter ; and, as they continue 
to nse, a point at length will be attained, where, in 
union with the colder air, their original humidity can no 
longer be retained; a cloud will then appear, which in- 
creases in bulk with the upwai-d progress of the current 
into colder regions. 

If the cloud however, in its ascent, either meetti with 
a warmer stratum of air, or descends towards the earth 
into a region of a higher temperature, a portion cf the 

Whal 1> the subject of dupter third 1 

Define clouds. 

Hoir do they orlglnBte T 
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miDute globules of water which compose it, perhaps all, 
will be re-diaaolved, and the cloud will either contract in 
size, or completely vanish, according to the increase of 
heat to which it is siibjected. 

221. The entire atmosphere, to the altitude of many 
thousand feet, is constantly traversed by numerous hori- 
zontal currents of air, flowing in different directions, 
and at different heig'kts. Combinations of vast volumes 
of air, vaiyiog in temperature, must therefore at times 
inevitably occur, as well in the higher as in the lower 
regions of the atmosphere ; and when the excess of 
moisture resulting from this union is but smalt, clouds, 
with their ever-changing forms, obscure the serenity of 
the sky. 

222. When Clayton, on the Slat of July, 1837, as- 
cended in a balloon from Louisville, Ky., the direction 
of his course was altered no less than Jive times, in the 
•pace of fourteen hours. Once, when at a very great 
height, he beheld, a mile below him, a snow-white cloud 
of a mountain shape drifting in an opposite direction to 
that in which he was travehng. 

S23. The upward imtmlae given to the warm aUnos- 
phere near the earth, when driven by the wind against 
the sloping sides of mountains, is also a fruitful source 
of clouds. (230.) 

234. Strata of Clouds. When an extended range 
of clouds settles down towards the earth, its under sur- 
£ice often copies the outline of the landscape immediately 
beneath, assuming a horizontal direction. This is owing 
to the high temperature of the air below the cloud, in 
consequence of which the latter would cease to be visi- 
ble, were it to descend lower ; for the globules of vapor 
would then be dissolved by the warm atmosphere. 

225. Above the first range of clouds, the temperature 
is oliea much higher than in the region of vapors be- 

Wbat in Mid as to (he eilslence of horixontBl currents, Bad iheli effects 1 
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What i» the influGQce of monDtalDsT 
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neath. Here the air will be clear, aod a tract of con- 
Bideiable thicknesa frequeijliy inlervenes before we ar- 
rive at a aecood range of clouds ; to this may succeed 
another body of pure air, and still higher a third range 
of I'.Joude, and so on, allerDately. 

226. The followiag accoull^ given by Jollifle, of his 
aj-rial voyage, which took place in England, in 1826, 
is instructive in this connection. 

"Our progress, during the first quarter of a mile, was 
BO gradual, as to be nearly imperceptible ; but on dis- 
charging a portion of the ballast, the balloon ascended 
with a rapidity, which, in a few minutes, buried us in 
the vapors of a dense mass of clouds. The temperature 
was here cold and raw ; such as I have felt on a moun- 
tain-top, when enveloped in fog. We loitered here for 
some time ; but at length ro^e with uncontrollable velo 
city, and burst, almost suddenly, out of this dark barrier 
into realms of light and glory. The stratum of clouds 
from which we had emerged, seemed depressed to a vast 
distance below ue, involved in radiant folds, which com- 
pletely shut out all view of the earth.'' 

227. Thickness. The thickness of clouds is some- 
times immense. On the 29th of Sept. 1886, Peytier and 
Hossard, two French engineers, were upon ine Pyre- 
nees, and so stationed, that they beheld, at the same 
time, the upper and lower surfaces of the same cloud. 
As the altitude of each station was known, the Ihick- 
nesa of the cloud was readily determined, and found to 
be 1,476 feet. On the succeeding day, the thickness of 
the clouds was 3,788 feet ; or more than half a mile. 

229. Height. The height of clouds has been vari- 
ously estimated. According to observations given by 
Dalton, two-fifths of all the clouds observed \n England 
for the space of five years, were more than 3,150 feet 
above the earth. By noting when the upper and lower 
surfaces of the clouds touched the peaks of the Pyri^- 
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oees, which had previously been measured, Pejrtier and 
Hoseard obtained no less l\ia.a forty-eight akitade:). It 
was thus found, that the lower surfaces here varied in 
height from 1,476 feet to 8,200, and the upper from 
2,952 feet to 9,840. 

329. The computations of many distinguished ob- 
servers have been collected by Kaemtz ; and from these 
it appears, that clouds range, in height, fvoin 1,300 feet 
to 21,320. 

The extreme elevation here given is, however, not 
sufficiently great ; for clouds are sornetiines seen float- 
ing abov6 the summit of Chimborazo, which rises 31,480 
feet above the sea-level ; and when Gay Lusaac, in the 
month of September, 1804, ascended in a balloon to the 
altitude of 23,000 feel, he beheld clouds still soaring 
above him, apparently at a great height. 

30. Clouds on Mountains. When a mountain 
range is viewed from a distance, the various peaks are 
frequently seen capped with a cloud ; while Itie atmos- 
phere between them is perfectly clear. This appear- 
ance sometimes continues for hours, and even entire 
days ; and was often noticed amid the Alps by the cele- 
brated SausBure. It ia caused by the wind impelling 
up the sides of the peaks the warm, humid air of the 
vales, which, in its ascent, gradually sinks in capacity, 
UDtil it is over-saturated, wnea the excess of moisture 
becomes visible, and appears as a cloud. 

231. This phenomenon is illustrated by figure 12. 
Let ABC represent the outline of a mountain peak, up 
the sides of which a warm current flows, in the direc- 
tion of the arrows. Above the line D E, the tempera- 
ture is below the dew-point of the cuirent, and its hu- 
midity is condensed into a cloud ai B. As the wind 
sweeps over the summit, the cloud B is carried below 
the hne D E, on the opposite siJe, and re-dissoived in 
the warm atmosphere beneath ; but its place, mean- 
while, is occupied by a fresh cloud, caused by the ascent 
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of the warm air ou the side A B. It thus occurs, thai 
though the cloud upon the mountain is stationary for 
hours together, yet the particles which compose it are 
continually changing. 

232. The appearances just deecribod are finely dis- 
played upon the St. Gothard, a mountain in Switzer- 
land, about 6000 feet high. Dark, heavy clouds that 
have formed on one aide of the mountain, are frequently 
seen, pasBiug rapidly over its summit, and descendmg 
in dense inaeaes into the vale of Tremola, on the oppo- 
site side ; hut, instead of filling the plains beneath with 
thick vapor, the clouds are dissolved by the warm air into 
which they are precipitated. 

233. A singular instance of the alternate appearance 
and disappearance of a cloud occurred, not long since, 
upon the coast of England. A cloud was seen, borne 
along by the wind, apparently passing from one side of 
an arm of the sea to the other, but not extending across 
the water. It was visible over the land, on each shore, 
but the jAy above the water was perfectly serene. This 
phenomenon may be thus explained. Over the land, in 
the region of the cloud, the air was below the dew-point ; 
but over the water, the sea being warmer than the land. 
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ite teniperEtliire or the air was hieber, and above the 
dew-poini. When, therefore, the wind carried the cloud 
over the sea il vanithtd, its moisture being re-dissolved 
by the atmosphere ; but when the body of air in which 
the cloud had previously existed, arrived at the opposite 
shore, a second pcecipitatJOQ of moisture took place, and 
the cloud reappeared. 

OltABSIFIOATiair. 

234. Clouds have been divided into seven kinds ; three 
original, viz. the ctrrtts, the cumulus, the stratus; and 
four formed by combination, viz. the cirro-cumulus, the 
rirro-siratus, tlie cumulo-stralus, and the nimbus. 

235. Cirrus or Curl Cloud. This cloud is so 
called, from the Latin word cirrus or curl, because it 
usually resembles a distended lock of hair. It is dis- 
tinguished from the other kinds by its fibrous structure, 
the lightness of its appearance, and the variety of figures 
it is capable of assuming. After a period of fine weather, 
slender filaments of the cinus are frequently seen, 
stretching like white lines across the azure sky. Some- 
times these threads of clouds are arranged lu parallel 
bands, which in the northern hemisphere, (wherever 
observations have been taken,) are eitlier directed from 
south to north, or from soutb-west to north-east ; at other 
times they separate, resembling the tail of a horse; a 
form which is known in Germany by the name of wind- 
trees. These filaments are also not unfrequcnily seen 
croseiug each other, and investing the sky with a deli- 
cate net-work of gauze-like vapor. One of the most 
beautiful forms of the cirrus occurs, when the fibres curl 
from each side of a band of light cloud, and the whole 
appears like the feathered grain of a rich piece of ma- 
hogany, (figure 13, a.) 

236. The white color of the cirrus renders it difficult, 
in all cas^, to detect its peculiar &trnclure ; for the eye 

Into how many ciMsei ue claudB divlJeiCI 

Whalaielhey] 

DsBcittM thG drnu. 



i-v Google 



100 ACtUEC 

is dazzled by its excessive light. The cloud may, bow- 
ever, be viewed at leisure, by reflection from a blackened 
mirror, which diminiahea the brightneea. 

237. The cirrus Boars the highest of all clouds. Its 
altitude, at Halle, in Germany, has frequently been esti- 
mated, by Kaemtz to be not lees than 21,300 feet ; and, 
from tbe observations of ten years, this distingukhed 
meteorologist has been led to believe, tbat it is entirely 
composed of snow-Jlakes. Indeed, the temperature of 
the elevated regions in whJch it floats, must be often far 
lelow the freezing point. 

238. Cumulus. This kind of cloud acquires ita 
name from the Latin word cumulus or heap ; the vapor 
seeming to be piled or heaped together. It is usually 
seen in the form of a hemisphere, resting upon a hori- 
zontal base ; but at times detached masses gather into 
one vast cloud upon the horizon ; their radiant sum- 
mils gleaming like the snowy peaks of distant moun- 
tains, (figure 13, 6.) 

239. The cvTnuliis is (he cloud of day, and is produced 
by the ascending currents of warm air, caused by the 
solar heat. During the fine days of summer, its peculiar 
figure is most perfecf, and its formation and decline oc- 
cur in the following manner. Although the aun may 
have arisen in a cloudless sky, a few solitary t^pecka of 
vapor may be seen lowi'ds eight or nine o'clock ; these, 
as the day advances, enlarge iVoin within, become thicker, 
and accumulate, in rounded masses, which continue lo 
increase in number and siz'!, till the hottest part of the 
day. After th'S time they gradually lessen, and often 
entirely vanirh, leaving the sky at sunset again perfectly 

240. The ov.tiuIus floats low is tbt iroicing; bui il« 
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altitude increases with that of the amending currents^ 
which attain their highest elevation soon after mid-day ; 
towards evening the currents subside, and the cloud 
descends. This circumstance has often been remarked 
by meteorologists, when stationed on elevated moun 
tains. In the morning, ihe cumulus has been seen be- 
neath them; it enveloped them towards noon; then 
soared above them for several hours, and descended to 
the vale at the close of day. 
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341. It ia not difficult to account for the fects juat de- 
tailed. The cumulus begins to be formed, wnea the 
warm currents, in their upward pr<^re8s, arrive at a 
temperature bo low that Uiey become orer-satu rated 
with moisture ; and the excess is then condensed into a 
cloud. 

The higher the currents rise, the colder is the atmos- 
phere, generally speaking, and the cloud must necessa^ 
rily enlarge ; but when in the afternoon the strength 
of the currents abates, the clouds which are buoyed up 
by their force, sink down into warmer regions of the at- 
mosphere, and are either partially or completely dis 
solved. 

242. The rounded figure of the cumulus is attributed 
by SauBsure to the mode of its formation ; for when 
one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of 
curved lines. This may be seen, by suffering a drop of 
milk, or ink, to fall into a glass of water ; but the shape 
of a cloud of steam, ad it is-suea from the boiler of a 
locomotive, presents a far belter illustration. 

843. Stratus. This cloud derives its name from 
the Latin word stratus, or covering ; it fortna about 
sunset, increases in density during the night, and dis- 
appears at sunrise. It is caused by the vapors which 
have been exhaled during the heat of the day, but re- 
turn again to the earth towards the evening, when the 
temperature has declined, and are then condensed into 
a sheet of clouds, which stretch along and rest upon the 
horizon (figure 13., cj. This class likewise includes 
those light and spreadmg mists, which gather in mead- 
ows and vales in the evening of a warm summer's day, 
floating like a veil over the surface of the ground, and 
exlendmg but a short distance above it. 

244 CiBao-sTBATUB. This cloud is so called, be 
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cause it partakes of the characteristics of the cimu and 
strtUua ; origioating usually ia the cirrus. It is remark- 
able for its great length, in proportion to \\a thickness ; 
but though preserving in the main this peculiarity, it 
assumes many varieties of form. 

346. At one time it consiats of a number of parallel 
bars of vapor, in close proximity, hiended together at 
the middle, but separated at the edges (figure 14., b), or 
it may appear as a atreali of vapor, broadest at the mid- 
dle, and tapering towards either end (c). A third va- 
riety consists of small rows of clouds, parallel to one 
another; each successive row becoming shorter, from 
the widest part of the cloud to the extremities, (rf.) 
The name of cirro-stratus is also given lo that thin, 
gauze-like cloud, which sometimes overspreads the 
whole sky, and through which the suii and moon are 
dimly visible. 

246. Ciaao-cuMULTis. It aot unfiequently happens, 
that the heavens appear as if sown with little round 
masses of clouds, lying near to each other, but perfectly 
sepaiated by inteivals of sky (figure 14., a). This cloud 
is the cirro-cumulus, and often arises fiom a change in 
the cirrus and cirro-stratus ; the bars of the latter being 
divided across the direction of their length, and the diN 
ferent parts rounding into the cirro-cumulus. Some- 
times the reverse occurs, and the cirro-cumulus is seen 
changing into the cirrus and cirro-stratus. 

247. The structure of the cirro-cumulus is not always 
the same: at one time the masses are very dense and 
well-rounded; at another their form is irregular, and 
the sky often presents a curdled appearance, when cov- 
ered with this cloud. Sometimes the cirro-cumulus is 
so light and fleecy, that the rays of the sun, as they tra- 
verse it, are scarcely dimmed. Humboldt found them 
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even so delicate that he was able to discern through 
them the spots on the moon. The last two clashes of 
clouds, like the cimis. float at a very lofiy height. 



248. CtTMULO-aTaATua. The variety of cloud to 
which this name is given, combines the characteristics 
of the cumulus and stratus. Its base consists of a hor- 
izontal stratum or layer of vapor, from which rise large, 
overhanging masses of cumulus (figure 14.,/). Some- 
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timea coDtiguoue cumulus clouda UDil«, and passii^ into 
the state of cumulo-stratue, form groups of immense 
size. This cloud is seen in perfection upon the ap- 

S roach of a thunder. storm, when the cumulus clouds, 
riven together by the wind, are piled upon each other, 
and assume those peculiar forms commoaly known by 
the name of thunderheads. 

249. This modification also frequently arises, when 
the cumulus is pierced by the cirro-stratus ; and it is by 
no means unusual to see/our or Jive parallel bars of the 
cirro-stratus, one above the other, passing through the 
same pile of clouds, which then present successive tiers 
of the cumulo-stralus. 

250. NiHBUs, OR Rain-Cloud. Thb cloud is so 
called from the Latin word, nimbus, a rainy dark cloud ; 
iipoBseases no peculiarity of form, but is distinguished by 
its uniform gray tint and fringed edges (figure 14,, e). 
It is usually compoeed of some of the preceding classes 
of clouds, so blended together that they cannot be dis- 
tinguished, and is produced by a change in their struc- 
ture, the result of an increase in density. 

351. The nimbus often originates in the cumulo-stra- 
tus, which, as it increases in thickness, frequently as- 
sumes a black or bluish lint. In a short time this hue 
changes to gray, a circumstance which indicates thai 
the nimbus is formed and lain descending. 

When is Ihia cloud most perrec:!^ fbimed 1 

Under what otber droamstanceB la the camolo-atrilni aeea 1 

Deeciibc the nimbus. 

How 1> it distlnguiahedl 

Of what does ItconslBll 

How It It CBuaeii 1 
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252. Dew is Ike moisture spontaneously deposited 
upon the surfaces of bodies exposed to the atmosphere; 
when the latter is free from the presence of fogs ana 
rain. 

253. The whole subject of dew was most happily 
illustrated by the obserratioDS and experimeuts of Dr. 
Wells, ID 1812 ; and the theory which he then advanced 
is now generally received, supported as it is by a vast 
asaembla.g'e of facts. 

264. Deposition. The deposition of dew is cauaed 
by the unequal radiation of heat from, the atmosphere 
and the substance bedewed. During the dH.y, the bodies, 
ihat either compose the solid crust of the earth or clothe 
its surface, become heated by the solar rays, and the 
lower stratum of that portion of the atmosphere which is 
directly above, is Chen likewise raised in temperature, 
and its capacity for moisture increased. 

When, however, the night comes on, and even before, 
the earth and air, radiating their acquired heat inio free 
space, sink in temperature ; but the loss of the former is 
greater than that of the latter, since, during the night, as 
experiments show, the air a few feet above the ground, 
is sometimes warmer than the surface of the soil, by fif 
teen degrees. 

It thus occurs, that the stratum of air immediately in 
contact with the earth is cooled down bythe latter, be- 
yond the point of saturation ; and the excess of humidity 
is condensed, upon the substances that form its aurlace, 
in drops of dew. (Art. 65.) 

255. It may therefore be assumed as a principle, ihat 
dew never begins to be deposited upon the surface of 

What is Ihe subject of chspter fourths Define dGW. 
Whooa theory Is generaily received 1 

How ia the depOBitioa of dew cBused 1 Eiplalo the proceas. 
Bow much warmer ia the ilr •omstlmai ttiui the kkidiiiI 1 
TFhM prindpk nu J be uaumed 1 
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any body, untU it is colder than the contiguous atmos- 
phere ; and, other circumstaocee beinf Ihe same, the 
greater this difference in temperature, the greater the 
amintni of dew. 

The quaotityof dew deposited within any givea time, 
depends, chiefly, upon the humidity, serenity, and Iran- 
quiUiiy of the atmoephere ; and the coTtstitution, fortn, 
surface, and location of the bodies receiving the raoiature. 

rarLDEHAE OF TBS OORIIITION OF TSJB ATHOBFSEKE. 

256. HuMiDiTT. That the quantity of latent vapor 
in the air must reguUte, in a great measure, the amount 
of dew, is perfectly clear, since the latter is nothing else 
than condensed atmospheric vapor. 

257. Sebenity. Every thiog that favors radiation 
from the earth, and consequently produces an increase 
of cold, contributes to the formation of dew. Thus it 
is copiously deposited ou serene nights ; for the radia- 
tion from the earth then proceeds unchecked : while, on 
the contrary, little or no dew is seen after a cloudy 
night ; since the canopy of the clouds reflects back to 
the earth the heat that is proceeding from it, maintain- 
ing its surface and the contiguous air at nearly the same 
temperature. 

If, however, the clouds separate only for a few mo- 
ments, the beat escapes from the earth through the in- 
tervals, and dew is rapidly deposited ; but if the sky is 
again suddenly overcast, the radiation is arrested, and 
the heat reflected back to the earth, raising the tem- 
perature at its surface, and speedily eva^ora/in^ thedete 
just formed. 

258. These singular changes in temperature were 
observed by Dr. Wells. On one night, the sky being 
clear, the temperature of the grass, at half past nine, 
was 32° Fah. : in twenty tTiinulea afterwards, the beav- 
eiiB being suddenly overcast, it rose to 39° Fah. ; in 

What circumitancea iofluetice the quantltjr of dew I 
What ii the eSect of humldllrl Whtt of tenattrl 
WkuliUwlBfliuacaof etondal GUr* Ihmwom. 
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twenty mintUes more, under a aerene aky, it aunk Again 
to 32° Pah. It was aUo found, that a thermometer ly- 
ing upon the grass, would rise several degrees, if the sky 
directly above it was covered by a dotid only for a few 
iiiinut«s. The influence of clouds upon the tempera- 
ture of the air is by no means as great j for while, on one 
evening, wlieo the sky waa obscured for the space of 
forty-five minutes, a tbern]omet«r placed upon the tto-f 
rose Jifteen d^reea, another, suspended in the atmos- 
phere joBt above, rose but three and a Aa/f degrees. 

259. TRANauiLLiTT. Id a calm night, other circum- 
stances being the same, more dew will be deposited 
than when it is vindy ; for the wind will not suffer any 
one portion of air to remain long enough in contact wiui 
the cold surface of any body to condense much of its 
moisture, hurrying it away before it is sufficiently cooled 
down for this purpose. 

260. A slight agitation of the atmosphere, however, 
is of advantage ; since, after one portion of air baa de- 
posited upon anv surface its exuberant moisture, it re- 
moves it from tne apot, bringing up a freeh portion to 
the same place, and so on successively j giving time to 
each to sink to the temperature of the surface bedewed. 
As the night advances, and the earth becomes still 
colder, the same volumes of air, renewing their contact 
with the same surface, may be again surcharged with 
humidity, and deposit more dew. 

261. Evening and Morning. Dew is often formed 
towards the close of the afternoon, in consequence of 
the earth then losing more heat by radiation than it 
receives from the slanting rays of the descending sun. 
It also freauently forma in shady places just after sun- 
rise; for tne surfoce of the globe, which has been grad- 
ually sinking in temperature during the night, ia not 



Which !■ mod aSacied by clouds, Itie air or tbe ground 1 llluitimM. 
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immediately influenced by the warm l>eam8 of the ran. 
Indeed, at this time, more dew is deposited than at any 
other equal period in the twenty-four hours. 

INFLUENCE OF THE SUBSTANCE BEDEWED. 

862. CoNSTii'CTioR. Since the production of dew 
requires that the bddy bedewed must be colder than the 
surrounding atmosphere, all substances, which rapidly 
lose Ikeir own ksat and slowly acquire that of others, 
are susceptible of being copiously bedewed. On the con- 
trary, substances possessing the opposite qualities con- 
tract but little dew. 

Untlei: the first class may be included glass, silk, 
down, wool, and, in general, all bodies of a porous tez- 
lure ; while metals and rocks belong to the second divi- 
sion. 

263. If similar plates of polished glass and metal are 
exposed alike upon the soil during a favorable night, 
in the morning the glass will be drenched with dev>, but 
the brightness of the metal will be scarcely dimmed. 
These different results arise from the fact, that, while 
the glass is deprived by radiation of niriety hundredths 
of its original heat, twelve hundredths is all that the 
metal loses. Besides, the glass, beinff a bad conductor, 
draws but little warmth from the earth to supply its loss ; 
while the metal, being a good conductor, can easily 
restore any reduction of heat from the warm soil imme- 
diately below. 

La^e plateB of metal, exposed throughout the night, 
never acquire a temperature more than three or four 
degrees below that of the atmosphere. 

264. Surface and Forh. A polished surfSice doeB 
not radiate so well as one that is rowg-A and uneven; 
and the latter is always found, under a like exposure, 
to receive more dew. Points radiate heat most rap.dly, 

Accoual for lie deposition st thin Ume. 

What aubBtances bib capable of being copiously bedewedl 

What not 1 (live examples. 

AccouDt for the unequal deposition of dew on gliBB and mewl. 

WbatUnid nf pojished and Tough lurftcM In thla particular 1 
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and are therefore the coldest portions of a radiatiog 
body ; hence, of all the globules of dew th&t form upon 
blades of grass, the largest are found at the very ex- 

Grass is well known to be copiously bedewed ; itn 
form, as juat mentioned, causes it to lose its own warmth 
with great rapidity, while its porous texture preTents 
it, at the same lime, from rq)IeQiehing its loss from ifae 
BOiL 

266. Location. If a body is screened from the open 
sky, it coniracte less dew than when fully exposed ; for 
the screen arresie radiation in the manner of clouds ; 
and the difleience in temperature between the sheltered 
body and the contiguous air, is less than that which 
would exist between the same body and the suriound- 
ing atmosphere, were the substance bedewed entirely 
unsheltered. This has been proved by the experiments 
of Dr. Wells. 

866. In four trials, made with two parcels of wool, in 
all respects alike, the first of which was placed upon the 
upper side of a board, four feet from the ground, and the 
second loosely attached to the under side, the gain, in 
dew, was as follows : 

Ist parcel, 14 19 11 20 

2d do. 4 6 2 4 

We hence perceive, why, beneath the shelter of trees, 

and on the under surfaces of leaves, but little dew is 

found. 

267. Dew has never been found upon the surface of 
large bodies of water ; for whenever the aqueous parti- 
cles at the surface are cooled, they become heavier than 
those below them, and sink ; whUe warmer and lighter 
particles rise to the top. These, in their turn, become 

What of points 1 

Why are the laigeat baadii of daw upon th« end of the btulei of gn» 1 
V/hy doea bd eiponed body contract more dew ttun one which ii itnl- 
Itfdl Oive Ihe reault* of Dr. Wells' sipeiimenta. 
Wtir tn ttN •ui&cM of iazft bodlei sf waM &m ton danrl 
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heavier and descend ; and the procese oxm tinuing through- 
out the night, maiDtaios the surface of the water and 
the air at nearly the eame temperature. 

Dr. Wella nscertaioed, by experiment, that eren a 
amah quantity of water gains no weight by exposure 
during a single night. 

It appears, from the narrative of the U. 8. Exploring 
BxpeditioQ, and from other sources, that on the ocean 
heavy deposits of dew sometimes occur upon the decks 
of vessels. 

266. The exposed parts of the human body are never 
covered with dew ; since the vital heat, varying from 96° 
to 98° Fah., efiFeclually prevents such a loss of warmth 
as is necessary to its production. 

269. Color. A few experiments were made by Dr. 
Wells, in order to ascertain the effect of color upon 
dew ; but without any decisive results. In L833, Dr, 
Stark, of Bdirtburg, made two expeiinients, from which 
be inferred, that under like exposures, more dew was de- 
posited upon dark-co\ored bodies, than upon lig-kt-colored. 
BuL the author of this work, from an inveatigation pros- 
ecuted by himself during ^e summer of 1846, arrived 
at the conclusion, that color exerts no influence what- 
ever upon the quantity of dev!. This fact might also be 
inferred from the experiments of Dr. Bache oo heat, 
which clearly show, that the amount of radiation is not 
affected by color. 

270. Obsesvations. The observations, which have 
been made in various regions of the globe, in regard to 
the occurrence of dew, strongly corroborate the theory 
of Dr Wells. In Bengal, during the month of Novem- 
ber, the nights are beautifully serene, and accompanied 
with huavt/ dews ; hut in April and May, when hi^h 
winds prevail, with a close and cloudy atmosphere, no 

ntlat eipettment WM made bf Dr. W«lll7 

What 1b BiBted In the narretive of (he Exploring Expedition 1 

Why is dew never fouod upon the hucmin body 1 

What !■ said as lo the influenca of color 1 

What do tbe oboerratioiiB nuda in dISerent regtoni aitesl 1 
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dev> is deposited. From September to March, the sod 
S[low8 like aa orb of Gtb over Souihera Guinea ; but tha 
nights are cooj, and the parched eoil is refreshed with 
abundant dews. In Egypt, profuse dews, like rain, 
occur in the summer, when the nights are resplendent 
with stars; while at Thebes, where the sky is con- 
stantly serene, tAnndiint dews are the only moisture 
that ine earth receives from above, during the lapse of 
many years. 

271. Facts explained. The explanation of several 
familiar facts, depends upon the foregoing principles. 
Thus, for instance, if, in a warm summer's day, a glass 
is filled with cold water, the exterior surface is seen 
covered with moisture ; for the reason, that the glass, 
being colder than the air in contact, cools the Latter be- 
low the dew-point. In summer, caves and cellars are 
damp ; because the warm air that enters them from 
without is cooled down, and its humidity either floats 
in the atmosphere, or is condensed in beads of dew upon 
the Blones. 

275i. Beneficent Distribution. The mode in 
which the blessing of dew is dispensed to the earth, 
beautifully exemplifies the benevolence of oui Creator. 

In the temperate climes, where the frequent inter- 
change of sun and shower preserves the earth from the 
extremes of heat and moisture, very hllle dew is needed, 
and but comparatively little is deposited. The regions 
however witnin the tropics are deprived of rain for 
months, and this destitution is parttaUy supplied by 
the dews, which precisely at these seasons are most 
abundant. 

273. The lake and the river are not visited by dew, 
for no form of vegetation exists within them that needs 
its presence. To the naked rock it comes but in scanty 
measure; for there is nothing here to nourish — save, 
perhaps, the thorny cactus, which, from its very form and 

WhM facia bib expldned upon tbe fon^ing pilndplM 1 
What does the dlslrlbulioD of dew eiampU^ 1 
GA-n the Ti 



i-v Google 



DISTRIBUTION. 113 

nature, is adapted to its situation ; and though i^ipring- 
iug from the cleft of a rock beneath a tropic sun, or 
striking its roots in the sands of the desert, is capable 
of deriving from the air an adequate supply of moisture. 

274. Upon the foliage of the grove very little dew is 
deposited, in consequence of the inclined position of the 
leaves, their frequent motion, and ihe shelter they 
afford each other. Nor is it needed j for the natural 
supply of moisture rises deep from the soil through the 
parent trunk, ditfusing itself throughout every branch 
to the remotest extremity of the slenderest bough. 

275, The d^w, however, blesses, in all its invigorating 
exuberance, Che humble plant and lender herbage, a 
vast class of vegetable life, at once the most perishable 
and the most useful ; it is the first of all to feel the effects 
of drought, and yet it is that which is necessary to the 
very existence of man. From the field, not from the 
forest, comes our suj^ort ; and the failure of a single 
plant, the grass or the bladed grain, may bring upon a 
nation scarcity and famine. 



CHAPTEB T. 
OF HOAB-FBOBT ABU SNOW. 

276. Hoar-Frost. Hoar-frost is produced in the 
same manner as dew. Late in the spring, and early in 
the fall, the stirface of the earth, during sereae nights, 
sinks in tenipe> niure below the freezing poitit, while the 
atmosphere, a few feet above, is higher by several 
degrees. 

The moisture which is then deposited becomes con- 
gealed in sparkling crystals ; and the stems of plants 
and the branches of low shrubs are often adomeu with 
fringes, formed of the most beautiful and delicate crys* 
talhzations. 

WbBi li the lubject of chopter fiAh 1 
How li hou-froil produced 1 
DHcriba iu ■pponacs. 
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277. A species of hoar-froat occurfi wheo a warm 
south wind succeeds a continuance of cold weather. 
Stone columns and buildings are then covered with 
a snowy JDcrustation, composed of an assemblage of 
minuM crystals, caused by the influence of the tow 
teniperature of the stone upon the condensed vapor (^ 
the air. 

The eSect of a cold body upon moist air is well showa 
by the following facta related by Ballaotyne, who resided 
for two years at York Factory, in the vicinity of Hud- 
son's Bay. After narrating the adventures of a hunting 
expedition in the depth of winter, he thus describea an 
incident that occurred upon the return of himself and 
his companions to their dwelling. "Itwaa curious to 
observe the change that took place in the appearance of 
our guns after we entered the warm room. Fhe barrels 
and every bit of metal imon them instantly became 
white, like ground glass. This phenomenon was caused 
by the condensation and freezing of the moist atmos- 
phere of the room upon the cold iron. Any piece of 
metal, when brought suddenly out of such intense cold 
into a warm room, will in this way become covered with 
a pure white coating of boar-frost. It does not remain 
long in this tttate, however, as the warmth of the room 
soon beats the melal and melts the ice. Thus, in about 
ten minutes our guns assumed three diflerent appear- 
ances. When we entered the house they were clean, 
pohshed, and dry ; in five minutes they weie as white as 
snow, and in five more were dripping wet" 

278, Kveiy thing th&t prevents the rat ■iation of keat, 
arrests the formation of hoar-frost. Di iring the chilly 
nights of spring, plants that are sheltered by trees are 
less liable to be frozen than those which are fully ex- 
posed ; and a slight covering of straw, or even of paper, 
will often aflbrd an effectual protection. Yineyards 
have frequently been saved from the effects of frost, by 
enveloping them during the night in a cloud of smoke. 

What effect li csuied by a. warm louth wind, iftsr a period of cold web> 
Iheil Relslethe facts related by Ballenlyne. 
What UT«>1« the fbmiaUon of boar-froat 1 



i-v Google 



HOAR-FROST AND BNOW. llf 

279. The effect of a screen in checking radiation, 
and thus preventing frost, has been finely illustrated by 
tile eifperimeiiie of Uavid Scott, of India. Throughout 
the whole region of Upper India, ice is arllficialiy pro- 
cured by placing upon a layer of dry straw, in the 
bottom of small piis, and fully exposed to the clear sky, 
broad, shallow earthen pans, filled with water. Such 
is the radiation during the night, that a thin crust of ice 
will sometimes form upon the water, when the tempera- 
ture of the air on a level with the pits is as hisD as 
41° Fah. 

On one occasion, Mr. Scott extended a muslin turban 
across a pit, three feet above ihe pans. No ice was 
formed in the vessels immediately under it ; but, in sev- 
eral that were partially covered, ice appeared upon the 
part of the water beyond the shelter of the muslin ; 
while the sur&ce beneath the turban remained in a Quid 
state. Two strings, crossing each other at a tower 
height above a pan, under favorable circumstances, 
divided the ice into four quarters, the water beneath the 
strings continuing unfrozen. 



280. Snow is the frozen moisture that descends from 
ihe atmosphere when the temperature of the air at the 
surface of the earth is near or below the freezing point. 

281. Show- Flake. At moderate heights, and in the 
temperate regions, snow commonly falls after several 
days of severe frost when the weather has moderated. 
The largest flakes occur when the air abounds with 
vapor and the temperature is about 38° Fab. j but as 
the moisture diminishes, and the cold increases, the 
snow becomes finer. 

In the former case, it is not unusual to observe 
fiakes an inch in diameter ; ■ and in the latter, tliey only 
measure a few hundredths of an inch. 

Illustrate the influence of a screen, by (he experlmenu of Scon. 

De&nemme. When does It unull; M7 

tJDder wbtkl ciicumBlBnoea do the largesl Bikes oecurl 

Undet wb*tdTcumsuiieMd»lh«s>iialleMl Hon targe an thsrl 
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At Bossekop a fell of snow occurred when the thermo- 
meter Blood at 10° Fah., and the diameter of the flakes 
then scarcely exceeded seven hundredths of an inch. 

The snow-flake is composed of regular cryelals, and 
it9 beautiful figures and rich diversity of forms have 
ever excited the admiratioQ of observers. In solid ice, 
the crystals are so blended blether that their symmetry 
is lost in the compact mass ; but in snow, they are per- 
fectly developed, when the flakes descend torougn a 
calm atmosphere. Any agitation of the air, or an in- 
crease of moisture or temperature, destroys their deli- 
cate structure. 

If the crystals of snow were solid, they would be 
transparent, like other crystallized bodies; hut they 
contain air, and to this circumstance is attributed their 
brilliant whiteness ; for the air preventing the ready 
transmission of tight tbrough the snow-flake, the rays 
are copously reflected from the assemblage of crystals 

The bulk of snow which has just fallen is ten or 
twelve times greater than that of the water obtained by 
melting it. 

282. Though single crystals always unite at angles 
of 30°, 60°, or 120°, they nevertheless form, by their 
diflerent modes of union, several hundred distinct 
varieties. 

Scoresby, a celebrated Arctic navigator, has enu- 
merated six hundred, and delineated ninety-six; and 
Kaenitz has observed twenty more, not figured by 
Scoresby. 

283. Snow-Cktstals. Although the varieties are 
BO numerous, they are all comprised under j!ve principal 
classes. 

1st. Crystals in the form of thin plates; they are 
generally very thin, transparent, and of a delicate 

How imall are they 1 

Of what 1b the anaw-flake compoMdT 

How Is the whiteness of anow caused 1 

Wbat is uld af the bulk of snow 1 

St&le tlie numbsr of vaiietlea of sno^r-cryatala. 
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structure. This class iocludes many remarkable vari 
eties, which are represented by ihe first twenty-five 
figures of the annexed cuts, (15., 16.) 

2d. Flakes either possesijing' a spherical nucleus, oi 
a. plane figure, studded with needle-shaped crystals, 
(figure 26.) 

3d. Slender prismatic crystals ; usually ins-sided, 
but sometimes having only three sides. 

4lh. Pyramids with aiVytrfea; (figure 27.) 

otii. Prismatic crystals, having, perpendicular to their 
length, both al the extremities and in the middle, thin, 
six-sided plates; (figures 28., 29. and 30.) The last 
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PI(.1S. 



two classes are exlcemely rare, Scoresby having ob- 
served the fourth but once, and the fifth only twice, in 
all hie voyages. 

Flakes belonging to two consecutive falls of snow, 
possess diflTerenl figures ; but those which descend 
during the same storm, are usually alike in this par 
ticular, 

284. Natural Snow-Balls. Balls of snow are 
sometimes formed by the action of a high wind upon 
light snow. Prof. Cleaveland, of Brunswick, in Maine, 
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obaerred, on the first of April, 1816, a ;reat number of 
BDOw-ballB scattered over the fields, varyingr from one 
to fifteen inches in diameter. They had evidently been 
caused by the wind rolling up the snow, as the track of 
the balls was distinctly visible. In 1830, similar bails 
were seen by Mr. Sheriff, in East Lothian, scattered 
over a wide extent ; eoine of the masses being eighteen 
inches in diameter. 

286. But the most remarliable exhibition of this kind 
was beheld by Mr. Clarke, of Morris county, New Jer- 
sey, in Januarv, 1808. A cruat having formed upon 
the snow that had previously fallen, a light snow sonn 
after occurred, covering the glassy surface to the depth 
of three-quarters of an inch i the sky then suddenly »e- 
came serene, and a high wind arose. Beneath the force 
of the gale, small portions of snow would slide along for 
the distance of ten or twelve inches, when they would 
begin to revolve, rapidly increasing both in length and 
diameter. Where the descent of the ground favored 
their formation, masses rolled up to the Hze of a barrel, 
and, as far as tbe eye could see, the dazzling surface 
was covered with balls and cylinders of snow ; varying 
in magnitude from ten inches to three feel in diameter. 
Upon examination they were found to be hollow ai each 
end, almost to tbe centre, and as round as if they had 
been so many logs of wood turned in a lathe. Tbe 
cylinders covered nearly 400 acres, and their number 
was judged to be nearly 40,OUO. 

286. Red Snow. In 1819, Capt. Rosa beheld snow 
of a brilliant crimson hue, clothing the sides of the 
mountains at Baffin's Bay ; rising, according to his re- 
port, to ihe height of several hundred feet, aaaexttniing 
to the distance of eight mUes. 

Snow of this tint is not, however, confined to the 
Arctic regions. Raymond had previously observed it in 
the Pyrenees. In 1818, vast masses were spread ovei 
the Italian Alps and Apennines, and five years before. 
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ihe whole ran^ of the last-men tionecl chain was covered 
with roae-coloTfid snow. The same phenuineaon was 
Hcen byScoreeby, Parry and Fraiikliii,in high northera 
latitudes, and the navigators of the southern bemiaphere 
liave found red boow in great quantities at New Shet- 
land, 62° S. Lai. 

287. In snowB of gre&t depth, the accounts differ in 
regard to the thickness of the colored stratum. Ro^ia 
conjectured, that, in the Arctic mountains, the crimson 
hue penetrated to the depth of several feet below the 
surface; while others could not detect its existence be- 
yond one or two inches. 

Among Ihe Alps, the red snow w usually discovered 
in liitle sheltered hollows, in layers not exceeding twc 
or three inches in thickness : though these are some- 
times situated far beneath the general surface of the 
snow. 

288. Green Snow. When the French meteorolo- 
gists, Martin and Bravais, traversed a field of snow at 
Spitzbergen, in 1838, it appeared of a green hue, wher- 
ever it was pressed by the foot. The coloring matter 
seemed to reside just below the surface, which was bril- 
lianily white. 

Upon another excursion, the first observer beheld the 
green particles Eipread like dust over the snow, which 
was also tinted green beneath the surface, and upon the 
sides of the field. 

289. Cause. These singular hues are produced by 
the presence of an infinite number of a certain class of 
microscopic plants, wiiich from their great tenacity of 
life, are capable, not only of existing at a very low 
temperature, but even of flourishing with extraordinary 
vigor. 

These minute vegetable forms are composed of glob- 
ules, which vary in diameter from one-thousandth of an 
inch to one three-thousandth. Each globule is divided 
into seven or eight cells, filled with a hquid, in which 

Wh»t of grtm mow 1 

To what CBUM are Ihota cnkin ■ddbuudt 
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live a great n imber of animalcules. The c«lle are gen* 
erally red, which is supposed to be their original color, 
the green tint being probably acquired by exposure to 
the air and light 

These extraordinary huea may, therefore, be regarded 
as originating in the same plant, in different stages of 
development 

290. Uses of Snow. Snow subserves many impor- 
taot purposes. Gathered in exhaustless stores upon the 
high mountains of the globe, it feeds, as it gradually 
mells beneath the heal of summer, thousands of rivers, 
which, flowing on from clime to clime, enrich the soil 
and crown the land with plenty. 

The snow-capped mountains are the natural refriger- 
ators of the glowing regions that lie within the tropics ; 
cooling the winds that pass over them, and mitigating 
the fierce temperature of the atmosphere. 

In the higher latitudes, where the winters are severe, 
the snow forms a warm covering for the soil, and de- 
fends vegetation from the rigors of the frost It is well 
known, that grain, during an open winter, is frequently 
destroyed by the cold ; and, in the mild climate of Eng- 
land, Alpine plants have perished, in consequence of 
being deprived of their natural covering of snow. 

During the long night of the polar climes, the inten- 
sity of the darkness is diminished by the presence of the 
snow ; inasmuch as it Tefiects, instead of absorbing, like 
the bare ground, the faint light that there proceeds from 
the sky. Nor is it to be forgotten, that, in these incle- 
ment regions, tbe wretched natives would be unsheltered 
during tne winter, were it not for the snow ; since this, 
when cut into blocks, supplies tbe Esquimaux with the 
means of constructing their huts. 

Whtt b Mid in n^ard to dw oMi e^ nwH 7 
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CHAPTER TI. 



291. Hail. The ice thai descends in ahowera, and 
usually in summer, is called hail. It is different from 
sleet, which is nothing more than frozen rain, and oc- 
cure only in cold weather. 

292. Structure, Hailstones are generally pear- 
shaped, and if they are divided ihiough the centre, they 
are found to be composed of alternate layers of ice and 
snow, around a white, snowy nucleus, resembling the 
coats of an onion. The surface is rough, and is some- 
times studded with icicles. 

293. Size. Hail varies in size, from stones as small 
as a pea to those which are several inches in circumfer- 
ence. Benvenuto Cellini relates in his memoirs, that 
during his journey from Italy to Prance, he was over- 
taken by a terrible storm in the vicinity of Lyons ; hail- 
stones falling of the size of lemons, and with sufficient 
force to kill even men and cattle. 

At RoncesvaJJes, in August, 1813, there fell upon a 
division of the British army a Btona of hail, in which 
the stones ranged in size from a bean to a hen's egg. 
The tin camp-kettles of the soldieis were indented by 
the masses of ice, some of which were round, and armed 
with icicles three inches in length. 

In May, 1847, hailstones of immense size descended 
near the town of McDonough, in Geoi'gia ; one of them 
was measured an hour afier it fell and found to be ten 
inches in circumference. During a terrific storm, that 
occurred at Cazcrta, in Spain, on the 13lh of June, 
1829, ibe roofs of the houses were broken in by the hail. 
Some of the stones are stated to have weighed nearly 
four pounds and a half . It is probable that such extra- 

DafinahBil. 
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•rdioary manes aa thom which have been mentioned, 
are formed by the uokm of MVeral hailatones frozen U>- 
gBlher. 

OEOaKAPHIOAL DISTRXBUTIOn'. 

294. Hailstonea are most frequent in the temperate 
climes, and rareltf occur witbin the tropics, except in 
the vicinity of mountaiDB whoee summits tower above 
the limit of perpetual froet. Althoug;h b^ no meana 
common, they are not unknown in the high northern 
latitudes. Simpson, on the 12th of August, 1839, was 
exposed in the straits of Boothia, in 68° 33' N. Lat., to 
a tremendous thunder-storm, accompanied with lorrents 
of rain and heavy showers of kail. 

It is mostly in summer, and usually at the hottest part 
of the day, that hail is observed to fall. Scarcely any 
occurs in the night. 

ORiom. 

295. The structure of the hailstone shows that it ia 
not formed at once; for the concentric layers around 
the snowy nucleus, consist of different acceseions of 
moisture, auceesmvely condensed and congealed upoa 
the surface d the stone. 

The light, porous texture of the snowy centre, seems 
to indicate, that the place of origin must be some region 
in the atmosphere where the air is rare, and the cold in- 
tense ; since the appearance of the centre is similar to 
that presented by a drop of water, when frozen under 
the exhausted receiver of an air-pump. 

296. It is Decassary then for the production of hail, 
that a warm, humid body of air should mingle with 
another so extremely cold, that their temperature, after 
uniting, shall be hdovi the freezing point. This com- 
bination must also take place dunag the vHo-mest period 



Whan rardr 1 

When do thajr lunaJlr preT&ll 1 

What iodlCalH (hat Ihe hiilitone ia tiol formed at ones 1 

Wbne moBi It origiiiBte 1 

What coiidltioDB in neeamry foi th« pioduettMi at hafll 



.-, Google 



134 A^VEOVB phShohena. 

of tb« year *ai the datf. la accoantin^ for an intense 
degree of cold under such circuroatances, coHBiets th« 
^leat difficulty of explaioing ihe phenomena of hail- 
Blorme. 

297. Until within a few years, almost every meteor- 
ologist attributed the cold of hailstorms to the agency 
of electricity. It is well known that air, when electri- 
fied, is expanded, and that expansion poduces cold. It 
was therefore imagined, that the electrified stale of the 
atmosphere before a storm, caused such a reduction of 
temperature as to freeze the falling moisture and pro- 
duce hail. 

Volta, a distinguished philosopher of Prance, sup- 
posed the cold to be the result of evaporation, but em- 
ployed electricity in a singular manner, as explained 
below. 

398. Tolta's Theory. According to this theory, 
two clouds, differently electrified, are supposed to extend 
through the sky, one directly above the other. The cold, 
caused by evaporation from the upper aur&ce of the 
lower cloud, ia considered to be so intense, that the vapor 
is frozen, and the nucleus of the hailntone then fortned. 
Its size is afterwards increased by the humidity it gathers 
in vibrating backwards and forwards between the two 
clouds, like the dancing figures upon electrical plates. 
(C 969.) At last it becomes so large, as to break through 
the lower cloud, and fall to the earth. 

299. The sanction of a great name gave weight to 
this fanciful view, and in 1821, throughout the southern 
districts of France, which are peculiarly liable to hail 
storms, bail-rods were erected, in order to draw the 
electricity from the clouds, and thus protect the vine- 
yards. Their efficacy, however, is exceedingly question- 
able. 

' The electric hypothesis is, moreover, at variance with 
facts. The forests, which constitute a vast assemblage 
of hail-rods, are often ravaged by hail ; and in the tor- 
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rid zone, where the developmeat of atmospherical elec- 
tricity is greatest, hailstorms are almost unknown. 

300. Olmsted's Theory. Piof. Olmsted, of Yale 
College, considers electricity as an effect, and not the 
cause of hailstorms. According to his theory, which 
has been very extensively received, the cold body of air 
derives its low temperature, jiotfrom electricity, but from 
some known source of cold ; and the combinaiion, which 
occasions the hail, may arise in various ways, the prin- 
cipal of which appear lo be the following. 

301. First. An exceedingly cold wind, coming from 
a region far above the limit of perpetual frost, may 
meet with a current of warm air, blowing from a point 
many thousand feet below this lijnit. 

Secondly. By the force of whirlwinds, large volumes 
of warm air from the surface of the earth may be sud- 
denly transported into the higher and colder regions of 
the atmosphere. 

Thirdly. In the vicinity of lofty mountains, cold 
blasts are frequently kncnvn to sweep down their sides 
from the snowy peaks and glaciers, arid mingle with 
the warm atmosphere of the vales. 

£ach of these methods we will discuss separately. 

302. Curve of Perpetual Congelation. In Art. 
63, we have seen that a point can be reached in every 
latitude, where moisture, once frozen, always remains 
so. An imaginary line passing through these points, 
and extending from pole to pole, forms what is termed 
the curve of perpetual congelation, which pctisoaM* ihe- 
peculiar figure shown in the annexed cut 

Do«a Ibe electric theory agree ^ihfecwl 

What are Professor Olmsled'a views Id regard lo electiidt"? 

Whence comes, according to his tiieory, the cold of the ~ 

Id what three wiyi may hailstonDS arise 1 

What Is the curve of coDgdatidD 1 ' 
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303. The heisbtaof the curve ftom the surface of the 

?:Iobe vary bul Ultle from the equator to LaL 30° ; but 
rom 30° to 60° the change is very great, and the line 
rapidly approaches the earth. 

The difTerence in the height of the points of congela- 
tion, for every five degrees of latitude, is presented in the 
following table : 

LU. IH&i«pMi)fha[|lit[iib*L 

0° to 5° 122 

6° to 10° 388 

10° to 15° 669 

15° to 20° 779 

20** to 25° 689 

25" to 30° 1,438 

30° to 36° 928 

35° to 40° 1,648 

40° to 46° 1,358 

45° to 60° 1,398 

50° to 55° 1,348 

55° to 60° 1,228 

60° to 65° 1,168 

65° to 70° 969 

70° to 75° 809 

75° to 80° 628 

304. Action op Opposite Cubbbntb. We are now 
to imagine, for the sake of illustration, that a north 

Docribt Iti oeculfuitlaa. 
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wind, origiDBtiog in 60° N. LaL, mores horizontally at 
the rate of sixit/ miles per hour, at an altitude of ten 
thousand feet ; while a south wind blows eimultaneoua- 
ly from 30° N. LaL with the like velocity, and at the 
same height 

If they are upou the same meridian, they will meet 
in ten hours at 40° N. Lat., and since the first wind 
commences its course at M, three tksntsand feet cAove 
the limit of constant fiost, it will be extremely cold ; 
while the south wind will be comparatively warm, as it 
proceeds from a region, N, two thousand feet below the 
boundary of perpetual congelation. 

By the union of air, thus widely differing in temper- 
ature, the inherent atmosphetic vapor is both condensed 
and frozen, and the central portion of the hailstone 
formed, which, in Its descent to the earth, is gradually 
enlarged by constaoi accretions of frozen moisture. 

305. The prevalence of such opposite currents as 
have just been eiipposed, has already been shown (Art. 
222); and ii is by no means improbable that, in their 
ceaseless circuits, there are times in which they encoun- 
ter each other. It may be asked, how can the different 
winds preserve their respective temperatures, in traversing 
a distance of ten degrees ? To ibis it \tt answered, that a 
fiuid in motion can pass through a fluid of the same 
kind in repose, and differing in respect to heal, without 
suddenly changing its own temperature. The waters 
of the Oulf-titream, flowing through the North Atlantic 
from the torrid zone, are warmer than the ocean, even 
in the latitude of Newfoundland. 

306. The occurrence of hailstorms, under these cir- 
cumstances, substantially agrees with facia. It will be 
seen, by referring to the figure, that the mingling of 
opposite winds, at a lofty elevation, in the tropics, C, C, 
would occasion nothing hut a combination of warmcur 
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rents, and in ihe polar dimet of cold eurraits, A, A'; 
in neithwr case could hail be the result of the uniua. 

la the temperate regions, the admixture of warm and 
inteueely cold curreota can only be found, and preciBely 
within these limits hailstorms are most prevalent 

Their frequeocy in summer is attributed to the cir- 
cumstance, that the opposing winds are then most 
easily set in motion by the increased energy of the solar 
ray 3. 

307. The ^lace ravaged by hailstorms, often indicates 
the presence of atrial currents, the devastations being 
frequently confined to a lonff and narrotB strip of coun- 
try. Sometimes the storm proceeds in two parallel 
tracks, leaving the intervening region entirely unin- 
jured. 

Thus a hailstorm once commenced in the Routh of 
France in the morning, and in a few hours reached Hol- 
land. The places desolated formed two parallel paths 
from S. W. to N. E. ; the length of one was 435 miles ;' 
and that of the other 497 miles. The average width of 
the easUrn track was five miles, and that of the western 
ten ; and upon the apace comprised between them, which 
was twelve miles and a half m breadtli, no bail fell, but 
only a heavy rain. 

3(>8. Action op Whirlwindb. It has been stated, 
(Art. 1^,) that whirlwinds are not always vertical, but 
frequently incfmcd towai-ds the earth. Inconsequence 
of this position, the gyratory motbn of the whirl (if its 
diameter is considerable) will, doubtless, oflen carry up 
hoi mid humid air from the surface of the earth into 
the higher regions of the atmosphere, bringing down in 
return large volumes (A cold air from the upper strata ; 
thus causing such a combination as results in the pro- 
duction of hail. This action will be more extensive and 
energetic if, as some suppose, whirlwinds at times exist 
whose axes are parallel to the horizon. 

309. It must also be remembered, that in the varies 
of the whirlwind the air is rarefied, and Into this partial 

Bxplain the action of whirlwind*. 
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void the cold air from abore will descend, by reaeoB of 
its superior vei^ht; while below, on account of the 
pressure of the surrounding atmosphere, warm currents 
will stream under the base into tbe vortex. Here, then, 
may evidently occur a unitm of hot and cold air, differ- 
ing 80 greatly in temperature thai the condensed moist- 
ure will freeze into hail. 

The cold, arising from the nwefaction of the air in the 
centre of the whirlwind, also contributes to the rortna' 
tion of hail. 

310. Influence op Hiqh Mountains. Inthevicit^ 
ily of those lofty mountains, whose peaks are always 
covered with ice and snow, destructive hailstorms fre- 
quently occur. The south of France, which lies be- 
tween the Alps and Pyrenees, is annually ravaged by 
hail ; so great is the ruin to tbe productions of the soil, 
and especially the vineyards, that the yeaily loss to the 
national revenue was estimated, by the Ijinnean Society 
of Paris, at fifty millions of francs, or nine fnUlhna three 
hundred atid seventy-Jive thoitsand dollars. 

In Peru, hail has been seen to fall ; and on the 17th 
of August, 1830, it covered the streets of Mexico to the 
depth of several inches. 

311. That such phenomena should arise in these and 
similar localities, is by no means surprising: for cold 
blasts of wind descending from the snowy summits of 
the neighboring mountains, and mingling with the warm 
air of the plains, could doubtless occasion these results ; 
and tbe existence of such breezes is fully established. 

312. Hail in Southern India. Hail sometimes 
occurs within the tropica, even at a distance from those 
mountain-chains that rise above the limit of perpetual 
frost. Thus in India, in 16° 30' N. Lat., during the year 
1825, hailstones fell at Darwar, of the size of pigeons' 
eggs ; and in a similar storm, which happeoed at 

Id what localities do hailitormi occur 1 
CHfe ioatoncea. 

What ta the caiua of lull In theae r^onal 
Dow InU anr «eeai at « dlattOM (rant «M>w-Mpiwd nMmtalM 1 
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rml$, aad ia the fwim- ciiinet of cold tMrratts, A, A* ; 
ia •nUMr €•■• coold hail be the raault of the uniun. 

la the iunpeiale regions, the admixture of warm and 
iaMn— 1| ooU cumou can only be found, and pieciaely 
wiihiD ibeee Umiu hailstornu are moat prevalent. 

Tbeto tntfOMtcy ia mnmier is attribiited to the cir- 
iiiiaianfir, that ihe opframng winds are then most 
ea^ Mt in motkin by uie increased eoei^jr of the Bolar 
t»>-. 

3U7. The ipaee mvaged by hailetorms, often indicates 
the fnmmiem of atrial currents, the devastationa being' 
freqaently conftoed to a long and narrmB strip of coun- 
try. Aametimea the atorm proceeds in two parallel 
track*, Uavinf the intervening region entirely uoin- 
jured. 

Thus a hailstorm once eommenced in the ooutfa of 
France in the morning, and in a few hoars reached Hol- 
land. The places daaotated formed two parallel paths 
from S. \V. to N. E. ; the length of one woa 435 miles : 
sad that of the other 497 miles. The average width of 
the casUm track was five miles, and that of the wester^ 
tan : and upon the space comprised between them, whir' 
«ai twdve miles and a half in breadth, no hail fell, bi- 
oaly a heavy rain. 

3116. AmoN OF Whirlwi nds. It has been stai 
.' \n. 13ii,) that whirlwinds are not always vertical, ' 
frnttirntly jne^iMrf towards the earth. In coDaequ< 
of inis position, the jfvrator;^ motion of the whirl (i" 
dianirter is considerable) will, doubtlea^, often can 
bM uud humid air from the surface of the earth 
tlie hicher reginas of ^0 atmosphere, bringing dou 
return lar^ volumet of <^ld *" from the upper at< 
thiM causing soch a combination as results la^llie 
duclion of hail This «*>«» will be more e ~' 
energetic if, as some mfffme, wfaMwiMda a 
whose axes are^wroWU '"" 

3U9. It must also h '" 
of ihe whirlwi ml || 
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Trinconopoly, in 1806, the stones were a§ large aa ml- 

DUtB. 

313. In c«»iclusion, we may say in regard to tbis sub- 
ject, that at present it is not fully understood. Much 
valuable information has been gathered, but hitherto no 
theory has been advanced, which completely accounts 
for all the facts that arise. 
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ELECTRICAL PHENOMENA. 



CHAPTER 1. 

OF ATHOBFHEBIO ELSOTaiOnT. 

314. The atmosphere is usually electrified. The 
means employed for coUectiag its electricity differ ac- 
cording to tiie object proposed; for we may desire to 
conduct our invaBtigations at one time in the lower 
regioQs of the atmosphere, at another in the higher ; or 
the air may be explored to a great distance horizontaUy. 

316 El EC T ROM ET BUS. Fof aacertaining the elec- 
tric state of the atmosphere near the surface of the earth, 
Testa's electrometer is sufficient. An electrometer ia aa 
instrument which serves to indicate and meaaure elec- 
tricity. The one just mentioned consists of a glaaa jar, 
surmounted by a pointed, metallic rod ; aud to the lower 
end of the rod, which enters the jar, two fine straws are 
loosely attached. The poiated rod, collecting the elec- 
tricity from the air, the two straws become similarly 
electrified and recede from each other, (C. 957) ; the 
amount of divergence measuring the intensity of the 
fluid. 

31&. Insulated rods of iron are erected for testing 

What U th> nil!J«ct of piTt fbarthl 

What of chapMr flm 7 

What li the anul lUte of (he almoaphsrel 

Whr are diflsrent msana smplored for ctdlactlDg Ita dactrloltj 1 

Whit an elecCromclenl 

How !• Ik* aUgtile MM Af lb* aUBMpUn ONI tb« Mnh HMttalMd 1 
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the uir at greater elerationa. By means of ita pointed 
summit, the entire conductor becomes charged with 
atmospheric elecUicity, the nature of which ia easily 
determined by the electrometer. 

At the Kew Observatory, near London, the conductor 
is a conical tube of thin copper, raised sixteen feet 
above the roof; to the (op of the lube a lamp is affixed, 
its aacendinz stream of smoke and heated au* being an 
ezcelleut coRector of electricity. 

Where a fixed appamtus is not at hand, observations 
may be made by discharging metallic arrows into the 
air, in the way hereafter to be described. 

317. Experiments are made in the higher regions of 
the almospnere by the aid of kiiea aod b<Moona. The 
string of ine kite must be wound with fine wire, in order 
to convey the electric fluid from the aliy ; and it must 
also be insulated, by attaching the lower end either to 
a silken cord or glass pillar. Small, stationary balloons 
are sometimes employed, the strings of which are 
arranged and fastened in the same manner. 

Occasionally meteorologists ascend in balloons for 
the purpose of making observations. 

318. The method adopted by Mr, Crosse, of Broony- 
field, near Taunton, for exploring the atmosphere in a 
horizontal direction, is the following. Upon some of 
the laiUest trees on bis estate, strong poles are firmly 
fastened, and a copper wire extended from tree to tree ; 
its length was, originally, a mUe and a quarter, but id 
now about 1600 feet. The wire, being perfectly insu- 
lated, forms a conductor, conveying the electricity of 
the atmosphere to the room of the ooserver ; where one 
end of it terminates in an insulated brass ball, near 
which is a receiving ball, connected with the ground. 

In all apparatus for collecting atmospherical electri- 
city, the most careful and certain arrangements should 
be made for conveying harmlessly to the earth any 
excess that may accumulate. 

How al grealei eleratiom 1 

Vat whBl puipue us ki[B» Rnd boUgoni emplorad 1 

Whti wH-tha otJMt or Hi. OKMM'aappuatiitt . D«iw ft » H . 
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By the aid of tbe ioetruments just described, much 
important knowledge has been acquired in regard to the 
electric coadition of the atmosphere. 

319. ELECTRrc Condition op the Atmosphere. 
In the ordinary 3tate of the atmosphere, its eleciriciiy 
is invariably positive ; but when the sky is overcast, 
and the clouds are moving in different directions, it is 
subject to great and sudden variations ; rapidly chang- 
ing- from positive to negative, and back again, in the 
space of a few minutes. Upon the first appearance of 
fogs, rain, hail, snow and sleet, the electricity is gen- 
erally negative ; it then changes lo positive, gradually 
ina-easing in strength, and then decreasing in the same 
manner ; the alternaLions both in the strength and na- 
ture of the electricity occurring every three or four 
minutes. Similar changes are observed upon the ap- 
proach of a thunder-cloud. 

The atmosphere is highly electrical, either when hot 
weather succeeds a series of teet days, or wet weather 
follows a series of dry days. 

330, Annoal Variation in Intensitt, The 
electricity of the atmosphere is stronger in winter than 
in suniTner, and, by comparing observations from month 
lo month, a gradual decrease in intensity is perceived 
from January to July, but an increase from July to 
January. During the winter the eieii:,iT{cilj strengthena 
with the cold. 

321. Daily Variation. At sunrise the electricity 
of the air is weak, but as the day advances, it increases 
in power, until 6 or T o'clock, A. M. in summer, 8 or 9 
in spring and autumn, and 10 or 12 in winter ; it then 
begins to diminish, and by 2 P. M. is hardly stronger 
than at sunrise. In summer, it continues to decrease 
till some time between 4 and 6 P. M., and in winter is 
weakest about 5 P. M. 

After this period the electricity again becomes strong- 

StaU the &cM In regmd (o Iha dectric eondllion of the itmoipben. 
What la laid rejecting the bdiiusI toiiAIlon ia InMjoaltyt 

Wbat oT ilw lUlf raitatioD 1 
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er, adveuicing in inteaaitjr until abont two hoan alter 
sunset ; when it once more b^ns to abate, growing 
more and more feeble until sunrise. 

Thu9, during the day, there is a re^Iar fluctuation 
in the strength of the atmospheric electricity ; two peri- 
ods occurring when its intensity is greatest, and lv>o 
when it is least. 

333. Variation in Ai.TiTrDE. The electricity 
of the air increases in strength with the aiiitude. This 
is shown by the following experiment, made by Bequerel 
and Brescbet, at the monastery upon the Great St. 
Bernard. 

Having extended upon the ground a piece of gummed 
ailfe, ten feet long and seven wide, the experimenters 
placed upon it an eiectrometer ; to this they attached 
one end of a silk cord, into which was twisted a fine 
wire, the other end of the cord being fastened to an iron 
arrow. By means of a bow, the arrow was shot upwards 
to the height of 250 feet ; and as in its ascent the elec- 
tricity of the air was gradually collected and ctmveyed 
along the wire to the electrometer, the straws of the 
latter were seen to diverge more and more, and at length 
to strike the sides of the glase jar. 

When the cord was detached, the electricity of iha 
straws was discovered to be positive. 

333. In order to determine whether this increased 
divergence was really caused by the superior energy of 
the electricity redding in the higher regions of the atmos- 
phere, the anow was discharged horizontally to the 
same distance as before ; but, as it speeded on its course, 
no increased electric action was manifested by the elec- 
trometer. 

334. Experiments for the same purpose were made 
by two celebrated French philosophers. Gay Lussac and 
Biot, during their atrial voyage in 1804 Prom the car 
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of tb«ir balloMi was suspended a win 170 feet long, to 
the ^3wer end of which a metallic ball was attached ; 
the upper end being connected with an electrometer in 
the car. By means of this apparatus, these obeervers ' 
were enabled to note the electrical changes occurring in 
the atmoBphere at d^erent heights; and, from their 
vai'iouB observations, arrived also at the conclusion, tkat 
the electricity of the atmosphere was positive, mid in- 
creased in atrsnglh with the altitude. 



326. EiTAPORATiON. Ooe of the most i^undant 
sources of atmoapheiical electricity is evaporation. It 
was shown by Tolta, whose ezperiaients were confirmed 
by those of Saussure, that ekctricitif was produced when 
water was evaporated. But it appears from the late 
researches of Pouillet, that this is only the case when 
the water is not -pure, and chemical dtcotnpoaitiona 
occur. If dietilled water is evaporated, no electricity is 
developed; but if a little chalk, lime, salt, or other 
foreign matter is dissolved in the water, the rising vapor 
is then positively electrified, and the vessel conttumng 
the fluid negatively. 

326. Now the waters of the earth are generally in 
this latter condition, being seldom pure, and the vapors, 
which are constantly ascending from the ground, will 
therefore possess positive electricity, and the earth 
negative. 

The briny waves of the ocean also contribute their 
share, and supply the air with a great amount of posi- 
tive electricity. 

327. The process of evaporation advances invisibly 
and in silence ; and, for this reason, we might easily 
undervalue its agency in accumulating those vast stores 
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of electric naaUer which arm the atorm with nich let- 
rific power. But when we reflect, that more tliaa lieo 
hundred millions of hogsheads of water are computed 
to rise daily io vapor from the Mediterraneau, we Bhall 
find Qo difficulty in believing, that this influence is one 
of the most energetic causes of atmospherical electricity. 

328. CoNDewsATioN. Condensation, or the chanffe 
which vapor undergoes when retumiug to a Jluid slate 
by a decrease of temperature, is another fruitful source 
of electricity. This is shown from the ^eai amount 
of electricity occasioned by the ctmdensatioa of steam, 
as it issues &om the boiler of an engine. 

Id one instance, the steam which rushed from the 
safety-valve of an msulated locomotive, was found to 
deveiq> seven times the amount of electricity produced 
by an electrical machine, having a plate of glass three 
feet in diameter, and marking seventy revolutions in a 
tninute. Uachines in which the electricity was gene- 
rated by steam, have been constructed of such power, 
that a spark twenty-two inches long has been obtained 
from the prime conductor, (C. 964,) of sufficient energy 
to ii^lame shavings. 

329. Teoetation. The vegetable kingdom also 
supplies the air with a great amount of electricity. 

Plants during the day exhale oxygen gas ; in the 
night, carbonic acid gas—and from the experiments of 
Pouiilet it appears that positioe electricity rises with the 
latter when the seeds first sprout, leaving the earth in 
which they are placed negatively electrified. The same 
j-esuils probably occur during the hfe of the plant. 

330. Combustion. Combustion is still anothet 
source of electricity. When any substance is burning, 
positive electricity escapes from it, white the substance 
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itself ia negatively decirified ; the atmosphere is there- 
fore tlie reservoir of all the positive electricity originating 
in this manner. 

331, Friction. In accounting for the electricity of 
the atmosphere, the effect of friction is not to be disre- 
garded. If a piece of silk is shaken in the air, it be- 
comes electrified ; and it is highly probable, that when 
masses of air, moving In contrary directions, encounter 
each other, electricity is developed by the friction of 
their surfaces. Such will be the effect, according to 
Kaemtz, when the masses differ in respect to moisture 
and temperature ; the wctrmer then beccHnes positively 
electrified, and the colder negatively. 

The action of the wind upon terrestrial objects, as 
rocks, buildings, trees, and hilts, may possibly in like 
raaoner produce electricity. 



CHAPTER II. 



OF TB IINDEB-STOHMS. 



333. General Distribvtion. Thunder-storms 
prevail most in the torrid zotie, and decrease in fre- 
quency towards aitker pole. 

During a residence of six years in Greenland, 70° N. 
Lat., Gisecke heard the roiling of thunder but bnce; 
and, according to the testimony of the arctic navigators, 
Scoresby, Parry and others, thunder-storms rar^y occur 
between the 70th and 75lh degree of north latitude; 
and Tiever beyond the latter parallel. As respects time, 
they are more frequent during the summer tnontha. 
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Tha preraleDce of these taws will be seen from the 
obeervationa cootained io the following table. 



p^ 


Ulitiylii. 


sax. 


"^^^ 


JSJfrta;?. 


Calculta, . . 
Podu«, . . . 
Paris, . . . 


■iif M' S. 

4B= iS-N. 
ie°30N. 
59°66-N. 


Tjtan. 

\yaa. 


23 
SI 
60 

19 


13 
43 

s 

11 

8 



333. Tliunder-storros are most violent within (he 
(orriil zone. Here the play of the lightning is inces- 
sant, and the crashing bursts of thunder most terrific ; 
and none but those who have actnalty witnee^ed a trop- 
ical tempest, can form an idea of its awful power. Occa- 
sionally, in the higher latitudes, fierce storms occur, like 
that which was seen by Simpson in the Straits of 
Boothia. (An. 294.) 

334. OaioiN. The thunder-storm is produced in the 
same manner as the common rain-etorm ; namely, by 
the condensation of atmospheric vapor ; but it differs in 
two respects ; Jirst, ia the rapufi^y of this condensation, 
and secondly, in the atxutitulaiion of electricity resulting 
therefrom. 

335. Wu have seen that when vapor is condensed, 
electricity is developed (Art 328) : the cloud then in the 
very pt-ocess of formation becomes electrified, and to its 
own electricity is added that which rollects upon its sur- 
face from the ainiosphere ; wheihe" derived from evapo- 
ratioa, combustion, vegetatiin, friction, or any other 
source. 

This condeasatioii must be copioua, ui the electricity 
would be weak ; it must also be rapid, else it will es- 
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cape too fast from tlie cloud, and never collect in euffi- 
cient stiengtli. 

33(i, Tliuiider-storma are usually attended by a change 
in the direction of the wind, which accounts for the con- 
densation of atmospheric vapor ; indeed, one of the most 
sublime elements of a etorm of this nature, is the conflict 
and raging of opposing currents. 

In the Meteorological Register of Yale College are 
recorded 116 thuiider'Storms, which occurred betweea 
1804 and 1823. Of this number, ninety-nine were 
either preceded ox followed by an alteralioti in the direc- 
tion of the wind ; the change in fifty instances being 
from a south-^cesterly breeze to a north-westerly. 

Since the air abounds with vapor when its tempera- 
ture is high, the condensation will be most copious if 
a loss of heat then suddenly lakes place. We there- 
fore easily perceive the reason, why thunder-storms are 
more frequent in summer than in winter, in low than in 
high latitudes, and their intensity greatest in the tropic 
climes. 

For the same reason they happen more frequently 
after mid-day than in the morning. 

337. Electrical State oy Tihinder-cloudb. 
Since the air surroundin? it is a non-conductor, a single 
thunder-cloud floats in tne atmosjAiere a vast insulated 
conductor (C. 963) ; its electricity being spread over 
the surface of the globules of which it is composed, and 
there retained by tne pessure of the atmosphere. 

338. Thunder-clouds may be either positively or neg- 
atively electrified ; and the observations of Mr. Crosse 
lead to the conclusion, that at times a cloud of this kind 
is complex, consisting of a series of concentric bands or 
zones, alternately positive and negative ; the electricity 
being weakest at the edges of the cloud, and strongest 
at the centre. 

Haw ta ihiB candenBation «Sected 1 What fiut 1b Btated b proof? 
Eiplain the cauu of the diSerances that eiiit In the fitqueruy ■ad lia 
Una of thuiHleT-etoniu. 
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Thua JD fi^re 18., which rep- i^- « 

resents a section of such a cloud 
obliquely seen, P P' P ', &c., are 
positive zones, N N' N", <fec., neg- 
ative, and tJie number of daahes 
show the increase of intensity. 

339. Electric Action op i 
Thunder-clouds. The earth I 
may be regarded as a reservoir of 
electricity : when, therefoie, an 
electrilied cloud tluats near iu sur- 
face, it induces the opposite elec- 
tricity upon the giound tm/medi- 
ot^ beneath it. 

The cloud may approach so near, that the mutual at 
traction of the two electricities overcomes the pressure 
of the atmosphere ; a union tlien occurs, and the light- 
ning, at the same moment, is seen darting between tlia 
cloud and the earth, and sooo afler the rolling of thun- 
der is heard. 

340. A similar inductive action arises between the 
clouds themselves ; for. if two clouds difTerenlly electri- 
fied approach each other, the electiicity upon the near- 
est opposite stir/aces aiigTnents in intensity, and often 
increases to such a degree that a discharge takes place, 
the lightning then flasuing from cloud to cloud. It may 
sometimes happen, that the path of least resistance wilt 
not be directly through the air, but from the first cloud 
to the earth, and from the earth to tlie second cloud, 
and under these circumstances the lightning will take 
the latter ro-ite. 

341. RETDRN-aTROKE. When a highly chai^^ 
thunder-cloud approaches the earth, it induces, as al- 
reatly stated, the opposite kind of electricity upon the 
ground below, and repels that of the same kind. Should 

Dfaeiibe ihe elecnic aclioa ct thunder-clauds. 
When doo ■ flash occur? 

What Is ihe influence of one doud upon snolherl 
Why does (he lightning In puaing from daud la doud ■omstimM toke 
•he euth In it* coiurwl What is tbsmurn-wnikal 
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the cloud be extended, and come within striking dis- 
tance, either of the earth or of another cloud, a flash at 
one extremity is often followed by a flash at the other. 
This is called the returrinstroke, which Bometimea oc- 
curs with such violence as to destroy life, even at the 
distance of several mUes from the place of the first dis- 
charge. The mode of action may be explained by 
means of the following figure. 

Fl(.19. 



342. Let D B represent a thunder-cloud, positively 
electrified, and within slrikine distance of the tree A ; 
the cloud, at D, being near the summit of the hill, C 
By the inductive action of the cloud, the positive elec- 
tricity will be repelled from the tree, A, and the sum- 
mit, C : and both will be highly charged with negative 
electricity, just before the flash occnre. The moment 
this happens at B, the cloud becomes unelectrified, its 
inductive action upon C suddenly ceases, the positive 
electricity, which had been repelled, iostantaneously 
returns, and, uniting with the negative electricity at C, 
produces an explosion. If; at this time, a person should, 
unfortunately, De standing upon the top of the hill, his 
death might ensue. 

343. In this manner the following singular facts have 

How 1b il caused 1 
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been explained, vhich happened bn the lOlh of July, 
ITBo, in the vicinity of Cddstream, in Berwicksliire. 
After a fine morning, clouds were seen in the north- 
west by the <^)aerver Brydone, at about eleven o'clock. 
Between twelve and one o'clock, the storm being etill 
distant, lightnings were seen darting from cloud to 
cloud, followed by thunders. Immediately after, Bry- 
done was startled by several loud explosions near bis 
house, like the reports of a gun. At this moment two 
carts loaded with coals were passing by. The driver 
and horses of the first were instantly killed, and the coal 
scattered in all directions, while the driver of the second 
wagon, which was about twenty yards behind, neither 
perceived any lightning' nor experienced any shock. 
Upon examination, the hair on the legs and bellies of 
the horses was found to be singed, and where the wheels 
rested at the time of the explosions, the tire was melted, 
and two round hcdes were discovei-ed in the ground. A 
quarter of an hour before this event, and at a spot nearly 
a mile and three-quarters distant, a shepherd of the 
name of Bell perceived a Iamb suddenly fall, while a 
flame passed before his face. Upon raising the lamb 
he found it to l>e dead. A woman, who was cutting 
grass upon the bank of the Tweed, felt a violent shock 
upon tne soles of her feet, and was thrown to the 
ground. 

During a storm which happened near Manchester, in 
June, 1836, loud discharges were heard at different 
points of a road, like the reports of a pistol, and electric 
Sashes distinctly seen ; a person is said to have been 
killed at this time, by an explosion under his right foot 



344. Height of Thonder-Storhs. Though thun- 
der-storms prevail in the lower regions of the atmos- 
phere, they nave often been seen at a very great alti- 
tude. A storm, observed by Kaemtz, amid the moun- 
tains of Switzerland, rose to the height of more than 
10,000 feet, and the dwellers in the vale of Chamouni 
assured him, that storms frequently swept over the 
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summit of Mont Blanc. On the peaks of ths Cordille- 
ras, a violent thunder-storm was encountered by La 
Oondamine and Boguer, at an elevation of even 16,0(H) 
feet. Vitrified rocks have at times been diBcovered at 
lofty heights, and as this change is supposed by some to 
have been effected by lightning, they have sought to 
determine the altitude of thunder-storms from facts of 
this kiud. The reasoning, however, is inconclusive, foi 
these vitrifications may be owing to other causes, and 
were we even to grant that they are produced by light- 
ning, the case is by no means proved ; since a fiaeh 
sometimes passes between the clouds and the earth, 
when the former are below the point that is struck. 

Thus, on the first of IHay, 1800, a church situatad 
on Mount St. Urania, a lofty peak in Styria, was struck ; 
and seven persons were kiiled by a fiasb of lightning 
darting upwards from a thunder-storm below. 

345. From the observations of Peytier and Hossard 
among the Pyrenees, it appears, that the uf^r and 
tower surfaces of thunder-clouds bear no resemblaoce 
to each other, for while the latter are perfectly level, the 
former are broken and uneven, presenting the appearance 
of mountains and ridges; whence,during seasons of great 
beat, lofty peaks and pinnacles of clouds shoot far up 
iato the sky. 



346. OaroiK. When a portion of air is subjected to 
a very sudden and powerful compression, a spark la 
elicited (Ait, 551) : that electricity produces such a com- 
pression can be proved by experiment, and to the ener- 
getic condeTisaiion of the atmosphere before the electric 
luid, in its rapid progress from point to point, is at- 
tributed the vivid flashes that illumine the stormy sky. 

347. Kinds. Lightning has been divided by Arago 
into three kinds, principally distinguished by thw form, 
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viz., zigzag-lightning, sheet-lightning, and ball-light' 
ning. 

348. Zigzag- LiOHTKiwa. This kind is so called 
from the pecuharity of its figure, which is thus explain- 
ed. As ine electricity passes through the atmospliere, 
the air ia supposed, at length, to be eo powerfully com- 
pressed before it, that a great resistance is presented, 
and the electric fluid then finds an easier route in BOine 
other direciion. In this it proceeds, until it once more 
meets with a like opposition, and is compelled again to 
change its course ; and thu» it continues glancing from 
aide to side, until at last it reaches the place it seeks. 

Zigzag-lightning appears as a narrow,jasged line of 
intensely vivid light, traversing space with extreme 
velocity. On account of the unequal conductine power 
of different portions of the atmosphere, the fiasn some- 
limes divides, hranching out in several difierent -direc- 
tions; the lightning is then said to he forked. A divi- 
sion into three distinct hnes is of rare occurrence; but 
even more have been seen, for Kaemtz beheld, at Halle, 
in June, 1834, a flash of lightning which threw out nu- 
merouGl' branches at the sides; the whole presenting the 
figure of a spine, with its supporting ribs. 

It is said thai zigzag-lightnings usually pass between 
the clouds and the earth, seldom flashing from cloud to 
cloud. 

349. Sheet-Liqhtninq. This kind is the most 
common, and appears during a storna as a diffuse glow 
of light, illuminating the edges of the clouds ; and at- 
times breaking out from the central mass. When it 
occurs, the clouds are said (o open. The flashes of 
sheet'lightniog often follow each other in rapid succes- 
sion, for the space of many hours ; their intensity is by 
no means great, and the thunder which attends them is 
low and distant. 

360. Ball-Lightning. Lightning of this class is 

What are thay 1 
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axtremslff rare, aod so singular are its Btteitdaat phe- 
nomena, that we might well doubt its existence, wer« 
Dot the ioBiances of ite occurrence fully authenticated. 
In a otoim that happened at Steeple Aston, Wiltshire, 
in 1772, the Rev. Messrs. Pilcairne and Wainhoiise, 
while in the vestry of the church, saw suddenly before 
them, at the distance of a foot, and at about their own 
height from the floor, a ball of fire, nearly the size of a 
maiisfist, surrounded by a black smoke. Tt buret witli 
an explosion like the discharge of several cannon 
Pilcairue was dang'eroualy wounded, and his person and 
clothes showed the usual marks of lightning. 

During a thunder-storm that occurred in 1809, at 
Newcastle on Tyne, the house of David Sutton was 
struck : the lightning descending the chimney. After 
the explosion, several persons who were assembled in a 
room, saw at the door a globe of fire, which, after re- 
maining stationary for some time, advanced into the 
middle of the room, where it burst into fragments, with 
a report like a rocket 

351. On the fourth of November, 1749, in 42° 48' N. 
Lat., 2° W. Long., the crew of the ship Montague be- 
held, a little before noon, and beneath an unclouded 
sky, a globe of bluish fire, like a millstone, rolling rapidly 
upon the sea. At a short distance from the vessel, it 
rose perpendicularly from the water, and struck the 
masts with an explosion louder than the discharge of a 
hundred cannon. Five sailors were thrown senseless 
upon the deck, one of whom was severely burned. 

In the midst of a storm in Scotland, two glides of 
fire, connected together like chained cannon-shot, were 
seen by a Mr. Lumsden, passing thiongh the Bky 
revolving one about the other, and striking at last upon 
the summit of a hill. Philosophers have not yet been 
enabled to account for lightning of this description; it 
has, however, been supposed to arise from an uninter- 
mitted discharge of electricity. 

353. Heat-Lightninq. It not tmfiequently hap- 
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EMiB, duriDg[ the nrene eTSDio^ of eummer, that th« 
orizoQ is illumined for many hours wilh iuccessive 
Jlaahea of liff/it,uaattoxided vita ihunder. This is called 
heat-lightning, and has much perplexed meteorologists. 
It ia affirmed by s<»ue, that this illumination ie the 
reflection from [he atmosphere of the lightnings of re- 
mote storms ; the storms themselves being so far dis- 
tant, that their thunders cannot be heard. Others assert, 
that during warm, sultry weather, when the air iu highly 
rarefied, its pressure upon the clouds is so much dimin- 
ished, that the electric fiuid can never accumulate upon 
their surface beyond a certain point, when it escapes 
in nmseless flashes to the earth. 

353. Multiplied observations have proved, that heat- 
lightning generally originates in the first- mentioned 
cause ; but the instances are by no mean«i rare, when 
silent flashes of electric light play between the earth 
and the clouds. These cases occur when the weather 
is atdtry, the air being then both rarefied and m4)ist ; 

■ two conditions which lessen its non-conducting power; 
the atmosphere thus becomes an imperfect conductor 
between the clouds and the earth, which are in oppoe^ite 
electrical states, and opposes just sufficient i-ej^istance to 
the paseage of the electric fluid as to render it visible. 

354. Velocity op Lightning, By a very ingenious 

(liece of apparatus, Prof. Whealstonp, of King's Coi- 
^e, London, has been enabled to show that the dura- 
tion of a flash of lightning is less than the thovaandth 
■part of a second, and Arago has demon*itrated that it 
dues not exceed the millionth part. 

Now the duration of a fiash, is ihe time U 'occupies in 
traversing the space between two clouds, or between a 
cloud and the earth ; if we then estimate thie distance 
to be equal sometimes to a quarter of a mile, which is 
a low computation, the velocity of lightning, in *iuch 
cases, according to Aiago, could not be less than 250 000 
milos per second. The electricity developed by the 
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electrical machine, faaa been shown by another beau- 
tiful contrivance of Prof. Wheatatone, to poBsesB a speed 
of 388,000 miles per second : the rapidity of lightaing is 
probably not lees. 

The preceding remarks apply only to lightnings of the 
first and second class. BaU-iightnings, on the contrary, 
often move slowly, aod are visible for many seconds. 

3S6. Color. When thunder-clouds are near the 
earth, the flashes arc of a brilliant white ; but when the 
etorm is high, and the lightnings play through a rarefied 
atmosphere, their color approaches to violet. A spark 
of electricity assumes the same hue, when it is made to 
pass through the exhausted receiver of an aii-puinp. 

356. Effects of Lightning. These are precisely 
similar to those of common electricity in kind, though 
far exceeding them in degree. Life is destroyed by the 
shock, the stoutest trees shivered to pieces, ponderous 
weights displaced, combustibles inflamed, metals soft- 
ened and fused, sand vitrified, and iron and steel ren- 
dered magnetic. It is needless to multiply instances in 
proof of these particular points, but a few cases may 
tend to impress them upon the mind. 

367. On the night of the 21st of June, 1723, a tree 
in the forest of Nemours was struck by lightning. The 
trunk was split into two fragments, one seventeen feet 
long, the other twenty-two ; and though the first required 
four men to lift it, and the second ^ht, yet both of 
them were hurled to a distance of seventeen yards. On 
the 6th of August, 1809, a flash of lightning struck a 
house at Swinton, near Manchester. The wall of a 
building attached to the house was loosened from its 
foundation a foot below the ground, and raised in a 
mass to the surface, still maintaining its upright posi- 
tion ; one end of it was moved nine, and the other four 
feet from its original place. The wall thus moved was 
eleven feet high (md three feet thick, and contained 7000 
bricks, which, exclusive of the mortar, were estimated to 
weigh nearly twenty-six tons. 

Whalof itsaobr? What irf Its e^teto? 
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Od the 20th of April, 1807, at Great Moutm, in Lan- 
caahire, a wiadmill was struck by ligbtning ; the fluid 
passed along a large irrai chain, the links of which 
were bo softened, that by their own weight they becanta 
welded togaiher ; and tne chain was coDreried into an 
inflesiblti bar of iron. 

In Sept. 1845, a house at New Haven, Cl, was slnick 
during a thunder-storm. Several articles of steel were 
renilered magnetic, and a razor, lying in a case near the 
spot where tlie lightning entered, was found capable of 
susUining a key, weighing hal/aa ounce. 

358. FoLocRiTES. Wben a flash of lightning fells 
upon sand, its path below the eiir&ce is ofteD marked 
by & fulgurite, so called from the Latin vord fulgvr, 
lightning. Jt is a lube composedof sand, vitrified by the 
action of the lightning. Fulgurites were first discov- 
ered in Silesia, in 1711, and specimens were forwarded 
to ibe museum at Dresden, where they are still preserved ; 
they have since been found in great numbers, in 
Germany, England, and amid the sands of Bahia, in 
Brazil. 

The fulgurite is winding in its form, often throws out 
lateral spurs or branches, and contracts in size towards 
the lower extremity, which usually terminates at a spring 
of water, or in some substance that is a good conductor 
of electricity. 

359. These tubes are generally hollow, the interior 
surface being coated with a brilliant glass. Their di- 
ameters vary iroia ftmr-hundredtha of an inch, to three 
inches and a half, aud the thickness of their sides from 
one-fiftieth of an inch, to nearly an inch. 

The bi'anches of the fulgurite, differ in length from 
three quarters of an inch to afoot, but the main tube 
often extends to the depth of many yards. Several of 
considerable length, which had been taken from the 
sandy plains of Silesia, were exhibited at London, some 

Give iniunceB. What ua fulgnriteal 
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years ago, by Dr. Fiedler, of Germany. One, discovered 
at Paderbom, in Westphalia, v/aiS forty feet long. 

360. Tbat these tubes are really pioduced by light- 
ning, has been proved by actual otraervation. A num- 
ber of sailors, being upon the isle of Anirum, in Den- 
mark, saw a flash of lighlaing fall upon the sand ; upon 
examining the spot, they found a fulgurite: a similar 
circumstance happened on the borders of Holland. 
Savart and others have obtained artificial fulgurites, 
by passing powerful electric sparks through powdered 
glass, and a mixture of sand and salt ; tubes were thus 
formed an inch in length, and the tenth of an inch in 
thickness, the ianer diameter being the twenty-fifth of 
an inch. 

361. VoLCANic-LioHTNiNQ. The clouds of smoke, 
ashes, and vapor, that issue from volcanoes during their 
eruption, are the scene of terrific lightning and thunder. 
Pliny the younger, in his letters to Tacitus, mentions 
the lightning that was seen above Vesuvius, during its 
eruption, in the year 79, A. D. In that which occurred 
in 1767, the inhabitants at the foot of the mountain as- 
sured Sir William Hamilton, that they were more terri- 
fied at the lightning which flashed around them, than 
by the burning lava, and all the other attendant dangers. 

During the eruptions of the same mountain in 1779 
and 1794, there appeared, in the midst of the dark vol- 
t^anic clouds, globes of fire, which, bursting like bomb- 
shells, darted on every side vivid flashes of zigzag-ligbt- 
niog. In the latter eruption were heard toud and con- 
tinued peals of thunder. 

363. The cause of volcanic-lightning is found, in tLe 
rapid condensation of the vast volumes of heated vapor, 
which are carried up from the crater of the volcano into 
ihe higher and colder regions of the atmosphere. 

In like manner, in the midst of water-spouts and 
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wbiriwmda, an abundaot coodensation of vapor suddenly 
occura, which frequently dorelops such an amount of 
electricity, that the lighlning here diaplays itaelf in all 
its fearful energy. 

363. Thunder. In consequence of the lightning 

[laasing through the atmosphere with an amazing ve- 
ocity, it kaves a void space behind it, into which th« 
Burrounding air instantly rushes, with a loud report. 
This noise is thunder. 

WheD the lightning is near the obaerrer, the report is 
sharp and qtuck, hut when at a distance, it is loriff and 
roUmg. 

364. The rolling <d thunder is frequenUy occasioned 
by the reverberations of the souad, from clouds and 
adjacent mouutaios ; but this is by no meauB always the 
case. Whea the lig Inning -flash darts lo a great dis- 
tance, sudi is its velocity, that the thunder may be 
considered as occurring at every point .of the flash at the 
aametime. But sound has a progressive moiioa of 1142 
feet per second, and all the thunder will not reach the 
ear at the same instant. It will be first heard from the 
neareal point, in the path of the flash, and later and later 
from points more remote ; and the combined eflfect will 
be a continued peal. 

The zigzag form of the flash, and its division into 
several streams, is regarded by Herschel as affording au 
adequate explanation for all the changes that occur in 
the sound of the ihunder-peaL 

366. The time that elapses between the lightning and 
the thunder, enables us to form an estimate of the dis- 
tance of the former, which is a liille more than a mile 
for every Jive seconds. This interval usually varies 
from three to sixteen seconds ; but cases have occurred, 
where it has amounted to fifty, and even seventy-two 
toconds. 

366. Identity of Liohtning and Electricity. 

What iB tbe csiue of thundecl 
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The re»emhlance between lightning and electricUy waa 
noticed by the earlier elecLriciaos, Wall, Giey, and Nol- 
let ; but their identity waa first established by Dr. Fraok- 
lin. The strong points of similarity which convinced 
him of this fact, were the following. 

Iff. Lightning and the electric spark are both zig- 
zag inform. 

2d. Lightning strikes trees, chimneys, spires, masts 
of vessels, taountains and elevated points upon the sur- 
face of the earth. Electricity is likewise attracted by 
pointed bodies. 

3d. Both choose the best co/tductors. 

ith. Both ignite combustibles. 

5th. Both fuse metals. 

6tk. By the action of each, a bad conductor is shiv- 
ered when struck. 

7lh. LAglUning reverses the poles of a magnet, and 
renders iron magnetic. Electricity does the same. 

iiih. Animal life is destroyed by each. 

9th. Blindness is produced by both. 

368. Franklin, however, did not stop here. He re- 
solved to test the truth of his reasoning, by drawing 
lightning from the clouds, and in June, 175^, made the 
hazardous experiment in the vicinity of Phiiadelpiiia. 

369. Fkanelin's Experiment. Having made a 
kite, by tying the corners of a large silk handkerchief to 
the ends of two light strips of cedar that crossed each 
other, and placed upon il a pointed iron wire connected 
with the string, Franklin went out into a field upon the 
approach of a thunder-storm, accompanied by his son. 
when the kite was raised, he attached a key to the lower 
end of the hempen string ; la the key one end of a silk 
ribbon was now tied, the other being fastened to a post. 
I'he kite was thus insulated, and the experimenter, for 
a considerable time, awaited the result with intense 
solicitude. A dense cloud passed over, but no indica- 

' Br wbom wuihetdMitltf of ligtilotnguid«l«cQiciiy fint aMtblldwdl 
Whal poiDlB of «linll£iit]r did Fnnklin obaerrsl 
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tiooa of electricity a[^ared iip<xi the string ; when, just 
as Fraoklia be^n to despair of success, he beheld the 
loose fibres of the cord starting aaurtder, and immedi- 
Bteiy presenting his kouckle to the key he received an 
electric spark. The rain now deecendiDg, increased the 
ctxiducliDg power of the string, and vivid decuic sparks 
issued from the key id great ahuodaoce. By means of 
tlie lightndiig thus obtained, all the commoD electrical 
experiments were performed, and ibe identity of light- 
ning and electricity thus iodubitaMj proved. 

370. Romas' Expekihent. No sooner was this 
wonderful discovery made knowu, than men of science 
were eager to repeat the experiutcnt. 

With a kite eleven feet high and three feet wide, 
Romas obtained in France the most brilliant and astou- 
ishing results. In one instance, when the kite was 
raised during a storm, such au accumulatioD of electrici- 
ty occurred, that streams of electric fire nine or ten feet 
long, and an inch in thickness, flashed sponianeously 
from the string, with reports, like those of a pistol. 
TTiirty streams of this magnitude burst forth in the 
space of an hmtr, without counting a multitude of others, 
seven feet in length. 

371. RicHMAN'a Deatb. That such experiments^ 
are, however, attended with great danger, unless every 
precaution is strictly observed, is proved by the unfor- 
tunate death of Prof Richman, of St. Petersburg, who 
viii9 killed by lightning, on the 6th of August, 1753. He 
had erected, upon the top of hia house, an iron rod from 
which proceeded a chain that entered his study. The 
u'hole apparatus was entirely insulated. On the day in 
question while examining the electrometer, as a thun- 
der-storm was approaching, a large globe of blue fire 
flashed from the conductor to his head, instantly depriv- 
ing bim of life. 
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LIOHTKINS'KOD. 

373. The invenlioD of the lightning-Tod for ihe pro- 
tection of buildings was the fruit of the brilliant discov- 
ery of Fiankiin. Even before his decisive experiment 
he had been led to suppose, from the- anait^ies existing 
between lightning and electricity, that pointed metallic 
rods might possibly disarm the thunder-clond of its ter- 
rific power. 

37^. Id order that the lightning-rod, or conductor, 
may afford an effectual protection, regard must he had 
to the Tnaterial of whicn it is made, its size, and the 
mode of erection. 

374. Material. Wrought iron is usually employed, 
and forms a good conductor ; hut copper is preferable, 
inasmuch as it is less liable to be corroaed or fused, and 
possesses a greater conducting power. 

376. Size. The rod, if made of iron, should be three- 
^narters of an inch in diameter, aad its upper extrem- 
ity should terminate in one or more points. Each of 
these points (which are usually three in number) ought 
to be capped with some metal which does not rust, as 
silver, gold, or platina ; for the conducting power of 
the points, if made of iron, would be weakened by the 
rust. 

376. Mode op Erection. The rod should be con- 
tinitous from the top to the bottom; an entire metallic 
communication existing throughout its whole length. 
This law is violated, when the joints of the several parts 
that form the conductor are imperfect, and the whole is 
loosely put together. The parts may be screwed one 
into the other ; or the rod may be formed of wires twist- 
ed together. 

377. The conductor should be fastened to the build- 
ing by wooden supports, but if masses of metal, as 

B; whom wai Ihe aghtnbig-rod invenlad T 

To what partlcnlara miul atteiitlOQ be dlrecled, thai the Ughiolng-Tad 
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leaden pipes and troughs, are connected with the build- 
ing, it IS best to attach them to the rod by >jtrips of 
metal; for, unless this is done, lightning may pass fmm 
the rod to the metal, and enter the edifice, especially if 
the rod is in any way defective. By adopting the above 
precaution, the metallic masses are made a part of the 
conductor, and if the lightniug strikes them, it is con- 
veyed through the rod to the earth. 

378. The lower end of the rod should be divided into 
two or three branches, so bent as to pass away from 
the building; and it is highly essential that these 
branches should extend so far below the surface of the 
ground, as to reach either water or a permanently moist 
stratum of earth. The rod should be surrounded with 

fiowdered charcoal, which at once preserves the iron 
rom rui^t, and facilitates the passage of electricity be- 
tween the metal and the earth, in consequence of its 
conducting power. For the same reason, the conductor 
abould be painted with black paint, made of charcoal. 

379. Extent op Protection. According to the in- 
vestigations of M. Charles, the lightning-rod protects the 
space around it to a distance equal to twice its height. 
Thus, if the conductor extends ten feet above the sum- 
mit of a house, it affoide protection to a circular space 
forty feet in diameter ; the rod being in the centre. 

The esperieace of nearly one hundred years baa 
shown that, where the above rules and precautions are 
observed, an effectual security has been provided against 
the effects of lightning; so far as human means can 
avail to disarm the elements. 

380. It is an error to suppose that conductors attract 
the lightning towards the building upon which they are 
erected. They simply direct the course, and facilitate 
the passage of the electricity between the clouds aad 
the earth, when a discharge must inevitably occur, 
where the building is situated. 

How great ■ apace la protected by ■ lightning-rod 1 
Hue we any proof of the utility of li^tDing'rodil 
Ii ■ building iDOre or leu ilaUs to tw Mruak «4iea tkinilaiMd with > good 
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It is indeed hi^ly probable, that a nlent and gradual 
discharge of a tliuoaer-cloud, is oftea effected by the 
points ol the rod, and an explosion thus prevented. 
This is the opinion of Arago, who expressly stales, that 
" lightning-rods not only render strokes of lightning 
inoffensive, but considerably diminish the chance of a 
building being struck at all." 

381. EiLECTRic Foos. Fogs are at times highly 
electrical ; a most extraordinary instance is thus related 
by Mt. Crosse, of Broomfield, whose apparatus has al- 
ready been described. " Many years since I was sitting 
in my electrical room, on a dark November day, during 
a very dense, driving fog and rain, which had prevailed 
for many hours, sweeping over the earth, impelled by a 
Bouth-west wind. I had at this time 1,G00 feet of wire 
insulated, which crossing two email valleys, brought 
the electric fluid into my room. From 'about 8 o'clock 
ID the morning until four in the afternoon, not the least 
appearance of electiicity was visible at the atmospheric 
conductor, even by the aid of the most delicate tests. 
Having given up the trial of further experiments upon 
it, I took a book and occupied myself with reading, 
leaving by chance the receivmg ball upwards of an indi 
from the ball in the atmospheric conductor. About four 
o'clock in the afternoon, wnile I was still reading, I sud- 
denly beard a very strong explosion between the two 
balls, and shortly after many more took place, until they 
became one uninterrupted stream of explosions, which 
died away and recommenced with the opposite electri- 
city in equal violence. The stream of fire was too vivid 
to look at for aoy length of time, and the effect was 
most splendid, and continued without intermission, save 
that occasioned by the interchange of electricities, for 
upwards of Jive hours, and then ceased entirely. The 
least contact with the conductor would have occasioned 
instant death, the stream of fluid far exceeding any- 
thing I have ever witnessed, excepting during a thun- 
der-storm." 
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BFOTTFAirEOirB ELEOTRIOITT. 

388. St. Elmo's Fire, When in a darkened room 
a needle ie brought near to the charged conductor of an 
elecli'ical machine, the point is tipped with a vivid light, 
caused by the f ow of electricity from the conductor to 
the needle. In the eame manner when thundei-clouds 
approach very near the earth, lightning does not always 
occur; but the electricity liecomes so intense, that it 
escapes from one to the other by poinds upon the surface 
of the earth, which then glow with a brilliant jlanie. 
This phenomenon has received the appellation of St. 
Elmo's fire. It was known to the ancients by the name 
of Castor and Pollux, and many instances have been re- 
corded by classic writers. On the night berore the bat- 
tle that PoBlhumius gained over the Sabines, the Rumao 
javelins emitted a light like torches ; and Ctesar relates 
that during the African war, in the month of February, 
there suddenly arose, about the second watch of the 
night, a dreadfiil storm that threw the Roman army 
into great confusion, at which time the points of the 
darts of the fifth legion appeared to be on^r«. 

383. The fire of St. Elmo ie often finely displayed 
upon the masts of vessels. An extraordinary instance, 
which happened in 1696, is thus related by Count Foi- 
bin : " In Ine night it became extremely dark, and thun- 
dered and lightened fearfully. We saw upon different 
parts of the ship about thirty St. Elmo's fires ; among 
the rest was one upon the top of the vane of the main- 
mast, about eighteen inches long. I ordered one of the 
sailors to take the vane down, but he had scarcely re- 
moved it when the fire again appeared upon the top of 
the mast, where it remained for a long time, and then 

Gradually vanished." When Lord Napier was on the 
lediterranean, in June, 1818, he observed, during a 
dark and stormy night, a blaze of pale light upon the 
mainmast of his vessel. It appeared near the summit. 
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and extended about three feet dovnvarci, flitting and 
creeping around the surface of the inast. The heads of 
the other two masts presented a similar appearance. 
At the end of half an nour, the flames were no loDger 
visihle. 

384. This pbetiomenon frequently occurs on the sun^ 
mils of mountaijis, when thunder clouds pass near them. 
Saussure observed it upon the Alps, in 1767. On ex- 
tending his arm, he experienced slight electric shocks, 
accompanied by a whistling sound,and obtained dtsftnc^ 
sparks from the gold button of a hat b^onging to one of 
his party. It is often noticed at Edinburg cattle, which 
standa upon a high rock, 250 feet above the surrounding 
country. Upon the approach or a storm, the bayonets 
of the soldiers mounting guard are frequently seen cap- 
ped with flame, and an iron ramrod, placed upright upon 
the walls, presents a like appearance. 

A singular instance of spontaneous electricity took 
place at Algiers, on the 8th of May, 1831. During the 
evening of this day, as some French officers were walk- 
ing with their heads uncovered, each was surprised at 
seeing the hairs upon the heads of his companions erect, 
and tipped wilhjlame. Upou raising iheir hands, they 
perceived a similar light flitting upon the ends of their 
fingers. 

A remarkable case of ihia kind was obaerved by Pres. 
Toiten, of Trinity College, at Hartford, Ct., in the month 
of Dec. 1839. As this gentleman was walking one 
evening in the midst of a heavy snow-storm, protected 
by an umbrella, his attention was arrested by moment- 
ary ^osAe^ of light, which at intervals illumined his 
path. The source of the light was detected upon meei- 
mg another person, the point of whose umbrella was 
seen covered with _^me, which was constantly escaping 
mfiashes. The light first noticed by Pres. Tollen, pro- 
ceeded from his own umbrella. 

385. Electric Rain, Hail, and Swow. Numerous 
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%ott well attested tnstatices hare occurred, in whien 
rail), hail, and bdow, have displayed flaehes of elec- 
(riu light, but we will confine ourselves to a few. On 
tbe 32d of Sept. 1773, in a thunder-storm which fell 
upon Skata, in Sweden, the drops of rain were seen to 
strike fire and sparkle as they touched tbe ground. 

On the 28th of Oct. 1773, as the Abbe Berlhoion was 
Uaveliog between Brignai and Lyons, in tbe midst of a 
heavy Htorm, he was surprised at seeing tbe rain-drops 
and Aml-stonea enrmtling jets of light, as they fell upon 
the metallic parts of his horse's trapplngi^. 

It is also recorded, that the miners of Freyburg, on 
the 25ih of January, IB22, beheld the sUet which fell 
dui'iag a storm _^as/i with light as it struck the earth. 

386. It is not difficult to explain these phenomena ; 
we have only to suppose, that the electric intensity of 
the atmosphere and the earth is at these times very 
great, and iliat the electricity of the &lhrig bodies is the 
(^>positB in kind to that of the ground and of the objects 
upon it. Ac the momei)t of contact the two kinds of 
electricities combine, their union (as is always the case 
when their intensity is great) being indicated by a sud- 
den Hash. 

387. Electric Action dpon Telegraphic Wires. 
It is not unusual for the electricity of the atmosphere 
to exert an extraordinary influence upon the wires of 
the elecUical telegraph. According to Prof. Henry, 
this influence may arise, as follows, m several different 
ways. 

388. First. The wire may be struck by a direct dis- 
charge of lightning from the clouds. An instance of 
this kind occurred on the 20th of May, 1846, when the 
lightning struck the wire of the telegraph, at the place 
wnere it crosses the Hackenaack river. From the point 

Rdaie ibe Innancea gfTen of elactric nln, tuU uid nunr. 
How are these liicla eiplUned 1 
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whflTe the discha^e took plaee, the fluid paused along 
the wire each way for a diataiice of several miles, strik- 
ing off at irregular intervals down the supporting poles. 
Wherever a pole was struck, a number of sharp expLo- 
siona were successively heard, like the rapid reports of 
several rifles. 

389. Secondly. TTHe state <^tke wire may be disturb- 
ed by the conduction of a current of electricity from one 
portion of space to another, without the presence of a 
thunder-t^oud ; and this will happen in the case of a 
long line, when the electric condition of the atmosphere 
which surrounds the wire at one place is different from 
that at another. 

390. This difTerence in the electric condition of the 
atmosphere may result from a difference in elevation. 
(ArL 322.) A wire, raised by means of a kite, gives sparks 
of positive electricity, in a perfectly clear day ; hence, if 
the telegraphic wires pass over a high mountain-ridge, a 
current of electricity will be continually flowing, during 
serene weather, from the more elevated to the lower 
ports of the wire. 

A current may also arise in a long, level lii>e, if ^fog 
exists at one end, while tbe sky is clear at tha other ; or 
if a storm of rain or snow occurs at some portion of the 
line, while the remainder is free from its presence. 

Currents of electricity have been produced by some 
of these causes, of sufficient power lo set in motion the 
working machine of the telegraph. In one case it began 
to operate spontaneously, without the aid of the liattery, 
when a snow-storm prevailed at one end of the line, and 
clear weather at the other. 

391. Thirdly. The inductive action of a thunder- 
cloud may also change (be natural electric condition of 
the wire. If, for example, a cloud positively electrified, 
is moving across ibe diiectioa of the wire, it will con- 
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tinae, aa it gradually approaches the line, to drive to 
ibe remote extremitiee of (he wire, more and more of 
the positive electricity residing in it, and thus occasions 
current. As the cloud gradually recedes, the repulsion 
it exerts is diminished, and a current then arises in the 
opposite direction. 

392. Fourthly. Every flask of lightning which oc- 
curs vithin many miles of the line, produces power/td 
electrical currents in ike telegraphic wires. 

To this influence Prof Henry atlributeit the phenom- 
ena witneosed by himself, on the 19ih of June, 1846, in 
the telegraph office, at Philadelphia, and which he thus 
describes. "In the midst of the hurry of the transmis- 
sion of the congressional intelligence from Washington 
to Philadelphia, and thence to New York, the apparatus 
began to work irregularly. The operator at each end 
of the line announced at the same time a storm at 
Washington, and another at Jersey City. The portion 
of the telegraphic wire which entered the building, and 
was connected with one pole of the galvanic battery, 
happened to pass within the distance of less than an 
inch of the wire, which served to form the connection 
of the other pole with the earth. Across this space, at 
intervals of every/ew minutes, a series of sparks in rapid 
succession was observed to pass ; and when one of the 
storms arrived so near Philadelphia that the lightning 
could be seen, each series of sparks was found to he 
simultaneous with a flash in the heavens. Now we 
cannot suppose, for a moment, that the wire was actu- 
ally struck at the time each fiash took place, and indeed 
it was observed that the sparks were produced, when 
the cloud and flask were al the distance of several miles 
to the east of the line of the wire. The inevitable 
conclusion is, that all the exhibition of electrical phe- 
nomena witnessed during Iho afternoon, was purely the 
effect of induction, or the mere disturbance of the natu- 
ral electricity of the wire at a distance, without any 
transfer of the fluid from the cloud to the apparatus. 
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" The discharge between the two portions of the wire 
continued for more than an hour, when the effect be- 
came so powerful, that the euperJDlendent, alarmed for 
the safety of the building, connected the long wire with 
tlie city gas pipes, and thus transmittetJ me curient 
silently to the ground." 

393. By a simple apparatus, Professor Henry rendered 
manifest the inductive action of the lightning-flash. 
The arrangement consisted of a copper wire, fastened at 
one end to a building, and extended to another, 400 feet 
distant. Here it entered the Professor'a study,aQd thence 
^ssed through a cellar window into an adjoining well. 
With every flash of lightning that occurred within a cir- 
cle of twenty miles, needles were magnetized in the 
study by the induced current of electricity develc^>ed in 
the wire. (C. 1033.) 

What sppsrstoi wu coDitmcMd by tUi (aotbinaD fin txhiUtliig Ihs 
inducElTe bcIuid of the Ughtnlngl 
What «fiect WH pioducad 1 
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PART V. 

OPTICAL PHENOMENA. 



CHAPTER L 

OF THE COLOR OF THE JlTUOSFHERE AND OLOVIIB, 

394. Color op the Atmosphere. This is caused 
bj the decomposition of the solar light. It is well 
known, from the experiment of the prism (C. 788), that 
(he white light of the sun consists of seven colors ; and, 
that of all these, the violet and blue rays have the lea»t 
power to overcome any resistance they meet with ; and 
consequently demote most from their original course ia 
passing through the prism. 

395. The action of the atmosphere upon the sun- 
beams in their passage to the earth, la precisely similar 
to that of a prism. 

After entering the atmosphere they are constantly 
passing in their onward progress, from rarer into den- 
ser media, and are therefore decompoBed. A portion 
of the blue raya, unable to overcome the resistance of 
the air are scattered throughout its extent; and being 
redected from its panicles, ringe the sky with an azure 
hue ; for it is to be remarked, that a body apvears of 
the same color as the light it reflects and by which il is 
seen. 

396. Ctanoheter. In order to determine the inten- 
sity of the blue, a cyanometer is employed, an iostrn- 

WhBt ia the Bubjeci of pan Blih 1 

Of whtl doe* chapter flral traatl 

What ia ibe CBoae at Ihe color of the almaaphcre I 

For what pnrposa ia (ha craoonateT amptofad t 
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meat which derires he name from the Greek words, 
kitanos, azure, and ntetron, measure. That of Saussure 
ie made in the following manner : 

Acirculaf cani ie divided into j^y-one parte, and each 
IB painted of a different shade of blue increasing' from 
the palest tint, formed by a union of blue and white, to 
the deepest produced by a mixture of hlua and black. 
The colored card being held in the hand, the observer 
marks the particular tint corresponding to the color of 
the sky, and its oumtter, cottoling from the palest shade, 
denotes the inteneily of the azure. 

397. Effect of Latitude. The brUliancy of the 
sky docreasea with the latitude. Humboldt discovered 
that at corresponding heights above the horizon, the blue 
in 19° N. Lat. was two sliades below that in 16° N. LaL 
The intensity also at Cumana, 10° N. Lat., is twenty- 
four, while the average tint for Europe is on\y fourteen. 

398. This diminution in briUiancy is caused by the 
leas perfect absorption of the atmospheric humidity in 
(he temperate and arctic regions, than in the equatorial 
climes — a circumstance arising from tlieir comparative 
low mean temperature, and consequent decrease in the 
capacity of the air for moisture. 

399. In the same place, the color increases in bright- 
ness from the horizon to the zenith — the point in the 
heavens directly over-head. Baron Humboldt foimd in 
16° N. Lat., that his cyanomeler indicated the 3d shade 
at the horizon, but at an altitude of 60°, or two-thirds of 
the distance to the zenith, the 32d tint. The blue of the 
sky is palest at the horizon, in consequence of being 
mixed with and diluted by the thin vapors of the air, 
which settle down towards the earth. 

Within the torrid zone, the sky undimmed by vapors 
glows with the purest azure ; and, under like circum- 
Biances, in regions beyond the tropics, the same bright 

De*CTtbe thia Innnimail. 

How la the brilUnncr of the aky sfieeted br btintde 1 

State (he result of obaervatlons. How !■ itUa dtflsrence accoonted tai 1 

What ia the law in reapect to altitude at the aime place 1 

GH*e tho obaaivatiaiia. WtulisMldoftbetonldioiMl 
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skiea are seen. Over Italy, California, and the Canary 
Idles, hangs a canopy of the deepest blue, and even on 
the western coast of Spitzbergen, the rich azure of the 
heavens has equaled at times the splendid hue of the 
tropic skies. 

400. Effect of Altitude. In swcending from the 
plains to th« mountains, the vapors are left below, the 
purity of the atmosphere increases, and the pale tint of 
the alcy changes to a vivid blue. This fact, long known 
to the chamois hunters of Switzerland, was verified by 
the observations of Saussure upon the Alps, and those 
of Humboldt on the Cordilleras. 

401. Capt Mundy thus speaks of tlie color and ptire- 
ness of the air at Simla, which is the most northern 
European settlement in India, and possesses an altitude 
of 7,800 feet. "To the north of Simla, the mountains 
rise gradually one above another, until the panorama is 
majestically terminated by the snowy crescent of the 
great Himalaya bell, fading, on either hand, into indis- 
tinct distance. In fine weather, these stupendous icy 
peaks cut the dark blue sky with such sharp distinct- 
ness of outline, that their real distance of sixty or seven- 
ty miles is, to the eye of the gazer, diminished to one- 
tenth part" 

402. Braniz Mayer, io his interesting work upon 
Mexico, thus alludes to the same facts. 

"The moonlight of Mexico is marveloualy beautiful. 
That city is 7,500 feet above the level of the sea. The 
light comes pure and pellucid from heaven. You seem 
able to toucb the stars, so brilliantly near do they stand 
out, relieved against the back-ground of an intensely 
blue sky. Strolling on such a night in Mexico, 1 saw the 
sharp lines of tower and temple come boldly out with 
shape and even color almost as bright as, yet softer than 
at noon -day." 

403. At MuBsow'i, a village situated upon the first 

What liaaid of Italy, CalUbmia, ths Canar; Iilea and Spllibergenl 
What U Ibe law in regard to alcllude at dlfTsreot alatloaB 1 
What iBsaidof theblueDeaaof the sky and the purity of the atmoaphera 
M Ihc Alpi amd ths CoTdiUena, oq the Hitnalaraa and In Mexico 1 
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nage of the Himalayas, 7,600 feet above the sea, 00 
remarkabty clear is the air in the month of November, 
Bccoiding to Lieut. Bacon, that the white houses at 
MoozaSirnu^ur, a distance of eig/ay-two miles, have 
been distinctly seen with the aid of a spy-glass. 

404. When, however, very lofty elevations arc at- 
tained, liie heavens assume a blackish hue ; for a great 
portion of the atmosphere is then beneath the observer, 
and but liltie blue light is reflected from the compara- 
tively small number of particles composing; the attenu- 
ated air above. The celestial orbs there shine with a 
singular brilliancy, since their light reaches the eye be- 
fore its lustre has been dimmed, in consequence of pass- 
ing through the dense strata of the atmospliere near the 
surface of the earth. 

405. Captain Hodgson remarked, near the sources of 
the Gauges, that the tint of the sky was a dark blue, 
approaching to blackness ; and that the stars in (heir 
rising emerged with a sudden flash from behind the 
snowy peaks of the Himalayas. At Zinchin, sixteen 
thousand feet above the sea level, the heavens appeared 
of a dark black color, the sun shining without the least 
haze. At night, that part of the horizon, where (he 
moon was expected to rise, could scarcely be distin- 
guished by the initdiaiion of her beams before the orb 
touched it, and the stars and planets shone wilh a daz- 
zling light 

406. Colors or Cloddb. These are attributed to 
the power which the atmosphere possesses of absorbing 
light (C. SU2), in common with other transparent media. 
When a sun-beam faiU upon the ocean, the more refran- 
gible rays are successively absorbed aa the light contin- 
ues to pierce the translucent water; until, at last, far 
beneath the surface, nothing bui. red light is perceived, 
according to the statements of divers, and of those who 
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have been «ugaged in submarine researcfies. The ac- 
tion of the atmosphere is precisely the same. 

In the mwning and erening, the sun-light (raversea 
the densest portitwa of the air, and paeses through a 
oRger track than at any other time. So much thicker 
and more dense ia the stratum of air upon the horizon 
than the stratum over-head, that the sun-light is dimin- 
ished 1300 times in traversing the former; and of 
10,000 rays falling towards the surface of the earth, 
8,123 arrive at a given point if they pass perpendicu- 
larly through the air, but only Jive if they come throi^b 
a horizontal stratum. From these causes, the more re- 
frangible raya, and especially the violet and blue, are un- 
able to struggle through and are absorbed ; while the 
rest emerge, and being refiected from the light masses 
of vapor Qoatiag in the sky, clothe them with their own 
bright hues. 

407. The three most powerful rays of the solar spec- 
trum are red, orange, and yellow ; and these colors are 
the common .tints assumed by clouds. At times, how- 
ever, they glow with the richest variety of hues, pariic- 
ularly beneath ibe tropic skies. In those regions, green, 
violet and purple clouds are not of unfrequent occurrence. 

Bishop Heber, on his passage to India, beheld, one 
evening at sunnel, when near the equator, large tracta 
of cloud of a. pale, translucent green, surpassing in 
beauty every effect of paint, glass, or gem. 

The sunaetB of California are among the most beauti- 
-fiil in the world, and ihe clouds that rise from the Pacific 
are bathed in exquisite tints of green, purple, and violet. 

408. Clouds, poiisessing these singular colors, are 
rarely seen in the higher latitudes ; they are however 
not entirely unknown. Violet clouds have been wit- 
nessed at Avignon, in France, and also in a most gorge- 
ous sunset that occurred at Hartford, Ct., on the 3d of Ju- 
ly, 1844, and which presented the following phenomena. 

409. The day had been showery, but towards its 

What Is Bald as to Ihs dimlDutioD of Uglit 1 

In what regiom bM the rldwal lints beheld 1 Give Inataocea. 

Whra* are Ttolet and gram douda moM Eraquoatly aeenl 
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close, the dense canopy of cloudH was broken up, and 
the eastern sky filled with lig^ht and floating masses 
of vapor. Soon after sunset, the etratum of clouds 
which rested upon the western horizon, rose throughout 
its whole lengtn, revealing between the mountains and 
its lower edge a belt of sky of the purest azure. Above 
this, the whole field of vapor was gleaming wilh a rich 
amber light, which, as it streamed through rarer or 
denser portions of the mass, presented every phase of 
brilliancy and depth ; at the same time displaying the 
curiously wrought structure of the airy fabric When 
the rays of the sun fell upon the fragments of vapor 
floating in the eastern quarter of the heavens, their jut- 
ting beads and broken edges gleamed with a tlame-like 
hue; while, between the masses, the sky appeared of 
the deepest indigo. As the evening advanced, portions 
of the western stratum assumed the tintB of lead, lake, 
pink, green, purple, violet, orange and crimson. About 
eight o'clock, the vapor in the south-west presented a 
singularly beautiful appearance ; the heavens seemed 
as if covered with a delicate lace-work woven of pris- 
matic rays, and tliis phenomenon was succeeded by green, 
purple, and violet clouds in the west. The last hue of 
this brilliant pageant was an intensely vivid criTnson, 
which was gradually lost in the shades of night. 

410. At the same dty, in May, 1845, a cloud of un- 
common beauty was seen by the writer resembling 
marble paper, the intermingling colors consisting of 
bronze, orange, & vivid grass green, and a golden yellow. 

411. Oreen clouds occur, when the vapor is illumin- 
ated at the same time by the deep blue light, reflected 
from a distant quarter of the sky, and the yellow rays 
of the son ; green being produced by the union of blue 
aod yellow. In the same manner, purple and violet 
clouds appear, when they glow at once with the red 
rays of the sun and the azure tint reflected from the 
heavens; since purple and violet arise from a mixture 
of red and blue in due proportions. 
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CHAPTER II. 
OF THE KAmBOW. 

412. The rainbow is that beautifully colored arch 
which, at times, is leen during a shower and in the re- 
gion of the sky opposite to that where the sun is shin- 
ing. 

413. When perfect, the rainbow consists of two arches, 
the inner, called the primary bow, and the outer the 
secondary, each composed of seven colored bows, formed 
of the pi ismatic hues, viz., violet, indigo, blue, green, 
yellow, orange, and red. In the primary bow the red 
ring occupies the highest place, the orange comes next, 
and 80 on, the violet assuming the lowest position; but 
in the secondary the order of colors is reversed. 

414. The cause of the rainbow, with the exception of 
its colore, was first unfolded by Descartes ; but the dis- 
covery by Newion, of the different refrangibility of the 
sun's rays, enabled this great philosopher to explain, 
with the utmost completeness, all the laws of this brill- 
iant phenomenon, 

415. In order lo understand the theory of the rain- 
bow, we must have lecourse to diagrams. 

Imagine, in the first place, that 
P Q, L, figure 20., is a section of 
a globe of water, and that S P 
is a ray of light, which, passing 
through the hole of a window- 
shutter in a darkened room, falls 
upon the surface of the globe at 
P. Here a portion of the light is 

reflected, and the rest, entering hctiok oi- a oioi. otwxth. 
the globe is refracted (C, 702) and decomposed into the 
seven primary colors ; one of which, the red ray, we will 

What 1b the subject of chapter BBcand'? 
Define the rainbow. 

Of what does It coniUt when pBiftctl 

Who fipi eiphdned the cause of the lunbowl 
Trees the couru of a ray of %hl U teon 30. 
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DOW alone consider. This ray, traversing the waler, 
strikes the interior Burface of the globe at Q, ; wliere a 
part of its light is lost by transmUsion, anJ escapes into 
the ail, while the remainder is reflected to the point L ; 
here the light is once more subdivided, one portion being 
refracted to the eye situated in the direction L M, and 
the other reflected into the globe. 

That the results are such as have been described 
may be ascertained by placing the eye at the point Q, of 
the globe, and observing likewise the couise of the ray 
through the air and water. 

416. These successive transmissions and reflections 
are unlimited in number, and, since light is lost at each 
impact, the intensity of the ray, after a few reflections, 
will become so much diminished, that, upon its emer- 
gence from the globe, it ceases to make any impression 
upon the eye. 

417. In order to apply these remarks to the subject 
before us, we have only to suppose, that figure 20. is the 
section of a rain-drop, instead of the section of a globe 
of water ; for all the changes which light undergoes in 
one case, will take place in the other. 

Thus ihe ray of light S P, falling upon the drop al 
P, is refracted towards the perpendicular P D reflected 
at Q,, and refracted from the perpendicular L D as it 
passes into the air at L. to meet the eye in the direction 
L M: all these results occurring, in accordance with 
well-known optical laws, (C. 706, 709.) 

418. Id the case supposed, the ray S P suffers two 
refractions and one reflection, and if it strikes the drop 
more or less obliquely, difTerent quantities of light will 
be brought to the eye at M. Now it is only when the 
greatest amount is conveyed to the eye that the light is 
sufficiently intense to produce any impression upon the 
sight, and (his is found to occur, in respect to the red 



only doM tlw imergenl nj miUce uiy im 



i-v Google 



170 OPTICAL PHENOMENA. 

ray, when the angle S B M, figure 21., made by pro- 
longin? the linea of the incident and emergent rajs S P 
and M QL till they meet at B, and called the angle of 
devitUion, is equal to 42° 2'. * 

This angleof greatest intensity varies however foreach 
prismatic color, being 40° 17' in the case of the violet, 
and increasing, (or each hue, from the violet to the red, 

419. Primary ""*' 

Bow. If we consi- 
der PQLD, figure 
21., to be a section 
of a rain-drop; of 
all the rays that fall 
upon it from any 
une point in the suti, 
some, as S P, will so 
strike it, as to meet 
the eye of the observ- 
er (supposed to be at 

M) with \.h& greatest o« Rtflutvm-i<K lUJra^lUm: 

at meet each olher. 

Thua the opening bstwei" 
lineiABsndC^which 

called the angle B, or the __„ 

die kelter h1 the urinl of meeting l. . _^ _ 
being placed in the middle. The size of 
an HDgle la computed as fbllowe. The 
circumrerence of any cltde betng divided 
into 360 equal patiB, each part 1« called a 
degrte: a degree being cflTlded into 60 
equal parta, each part is called a mintit«; 
and a minute being divided into 60 equal 
parlfl, each part is called a seeojuL If 
now we lake B aa the centre of a circle, " 
and deacri be the circumference, G E F, cuttlDS the two lines, A BaDdCB, 
in any two polnta, aa E and F, the number of aegreea, minutea and Mconda 
contained in the part of the circumference, E F, included between the two 
llnes,ABandCB, gives the value of the aQgle, ABC. For example, If the 
leogth of the circumlercnce, O E F, wasso eteal thai It measured 360 mchea, 
and the oart. E F. contained 40 incket hndnine-iirtirikt of an inch. ABC 
icmiiaUemV9). Degraea are deaig- 



Whet la the angle of deriation for tbe red ray, when the gl'eateal amoDnt 
of light comes lo the eye 1 
What is the angle of greateil intenaity for the vloletl 
Riplatn figure il. 
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possible hriUiancy : making the angle S B M equal to 
^ 2', in the case of red light If the line M O is now 
drawn parallel to S B, it may be r^aided as a ray of 
the sun passing through the eye of the spectator ; and 
flince all the rays of the sun are parallel to each other at 
the earth, the angle B M O will also be equal to 42° 2*. 

42(1. The observer tfaoD being placed with hie back 
to the sun, and his eye at M, will receive the impression 
of red light from the drop P L Q. D, in the direction 
B M; ana not only from this drq>, but also from every 
other drop, whose angular distance from the line M O 
is, at that moment, the same. 

It is therefore evident, if we suppose the line M B to 
turn about M O, like tbe legs of a pair of compasses, that 
all the points at which red light is seen lie in the dr- 
cumference of a circle whose centre is O ; and that 
around this centre an arch of red light will appear in 
the heavens. 

421. The breadth of this arch will be equal to the 
apparent diameter of the sun, or about 32' ; for what 
has been said ia regard to rays proceeding from any one 
point in the sun, viz., that some of theih will reach the 
eye under the angle of greatest brilliancy, is equally 
Hue of those which emanate from every point of his disk. 

422. The explanation of the origin of the red arch is 
equally applicable to the rest of the colored arches. The 
latter will be found, however, below the former ; for, 
since their aisles of greatest brilliancy are each less than 
that of the red, they must consist of portions of stnaller, 
concentric circles. 

Thus, the violet arch can only be seen from drops belme 
and within B, when the light that meets the eye coming 
in the direction B' M, makes the angle B* M O equal 
to 40° 17'. Between the violet and red arches the other 
colored bows will be seen arranged in the order of the 
spectrum ; the whole forming, hy their union, (he pri- 
mary bow. 

Eipliin the mBDii«i in which the red arch is cauaed. What ia iis breuiih 1 

Apply the same mode of reasanlDg to the other colored arcbe«. 
Bow it the primai; bow ibirned 1 
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423. Secondaht Bow. The secondary bow is form- 
ed when the aun'a raya, eulering the tiottom of ihe drop, 
suffer two rofiectioas fiom the interior surface, and 
emerging at the top, reach the eye of the spectator after 
two Tefractvma. 

The course of. the ray is ni.m 

seen in figure 28., where S 
K A is the incident ray, 
B and C the two points of 
reflection, and D E H the 
emergent ray, supposed to 
meet the eye of the ob- 
server at H. 

42i. So niHch light is 
lost by these successive 
changes in direction, that 
only at certain inclinations 
a sufficient quantity reaches ^^ R^aiom—im a/Vacum.. 
Ihe eye, from each of the prismatic colors, to produce 
the secondary bow. Its tints, after all, are faint com- 
pared with those of the primary. 

435. The violet light can only be seen when the 
angle of deviation S E H is 54" 9', and the red when it 
is 50° 59'. Suppose, as in the case of the primary 
bow, that H L is the direction of a ray from the sun 
passing through the eye of the observer, and making 
with H E the angle L H E equal to the angle of devia- 
tion. If then, the line H E revolves about H L, the 
spectator, with his back to the sun and his eye at H, 
will behold in the heavens, between the limits of 54^ 
9' and 50° 59' a prismatic bow consisting of similar por- 
tions of seven concentric circles ; the utofei arck assum- 
ing the highest position and the red the lowest. The 
other colors occupy intermediate places; the greater 
their refrangibility the greater their elevation. 

Under what ciTCUinsinncea does ihe iiecoDdatv bow occur? 
Trace Ihe course of Ihe ray in figure 22. 
What is said of the brilliancy of Ihe aecondary bowl 
What muBt be the size of the angle of deviation ihac the violel lighl can 
«e seen 1 What the sizp that the red ray may be visible 1 
How Is [he secondary bow formed 1 
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426. The subject is Fig. a. 
further illustrated by 

the following figure, 
where the four parallel 
lines represent rays of 
the sun falling upon 
four drops of water, and 
P the direction of an- 
other ray imagined to 
pass through the eye of 
the spectator, RO and 
V are the red and vio- 
let rays of the primary 
bow; R' O and V 
the red and violet rays 
of the secondary ; and 
the positions of the rtd 
and violet arches of the nn.»ow. 

two bows are indicated 

by the dolled lines. The other colored arches are 
found between the red and violet, following^e order of 
colors in the prismatic spectrum. P is the centre of the 
rainbow. 

427. In the explanation just given, we have reasoned 
as if the rain-diups were stationary, which of course is 
not the case ; but this supposition leads to no error, 
inasmuch as the air is filled with rain-dropa during the 
prevalence of a shower, and before one set of drops, by 
sinking too low, ceaaes to present to the eye the colors 
of the bow, another set lias descended, taken their place, 
and is performing their office. While the observer is 
stationary the raiitbow is fixed in position, but the 
drops that give rise to its glowing tints are continually 
changing. 

428. Breadth OF THE Bows. The an^lar distance 
from the middle of the red arch to the middle of the 
violet in the inner bow, is the difierence betwrna 43° 
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8" and 40° 17' or 1°45'; a quantity nearly equal to 
three and a half times the apparent breadth of the sun. 
This apace is occupied by the remaining five colored 
arches, and, as each is 33' in width, (Art. 421,) they ne- 
cessarily overlap one another, and cause, by their mutual 
blending, an indistinctness in the boundary of the several 
hues. The two half-breadths of the red and violet 
arches added to 1 ° 46' give the whole width of the bow, 
which is equal to 2° 17', or about four aiid a half times 
the apparent diameter of the sun. 

429. The breadth of the exterior bow, from the raid- 
die of the red to that of the violet, is found in like man- 
ner to he 3° 10' — ihe difference between 64° 9' and 50° 
69'. To this quantity 32' must be added to obtain the 
entire breadth. 

The interval between the bows, computing: from the 
red of the primary to that of the secondary, is 8° 57". 
All these results, deduced theoretically, predsfiy agree 
with those obtained by actual measurement. 

430. Position and Size of the Rainbow. Since 
the centre of the rainbow is in the direction of the line 
imagined to be drawn from the sun thiough the eye of 
the spectator, its position will evidently vary with that 
of the spectator, and ils size with the altitude of the sun. 
If this luminary is 42° 2' above the horizon, the top of 
the inner bow will hejrt^l visible ; but if upon the hori- 
zon, the bow will be a sem.icircle, having an elevation 
of 42° 2'. If the observer, in the latter case, were upon 
the summit of a mountain, the arch would be somewhat 
greater than ^semicircle; since the line of direction 
from the sun through his eye, would strike the sky 
opposite, at a point above the horizon. 

Should a person happen to be upon a mountain, 
when the sun is high in the heavens, and a shower at 
the same time occur in the vale below, he will some- 
times perceive a rainbow forming a complete circle. 



State what ia said in regard to the breadth of the bows. 
What Id reipecl to the poaitlon and aizeof tlM nlDbow. 
Wlien are eaclre ritclei b^sld 1 
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Such are said by UUoa to be frequently seen on the 
mouutaioe of Peru above Quito. 

The foaming waters of cataracts are otten spanued 
by richly tiated bows, caused by the rising spray. They 
are regularly Been at the falle of Schaffhausen, on the 
Rhine, and at the cataract of Niagara. At Terni, in 
Italy, where the river Velioo rushes over a precipice 300 
feet liigh, a bow of rave beauty is beheld. It appears, to 
a spectator below, arching the falla with its glowing 
tints, while two other bows are reflected on the right 
and left. 

431. Rainbows in the North. Rainbows are 
sometimes seen at mid-day. On the 13th of Dec. 1847, 
at one o'clock, P. M., Prof. Olnostead beheld at Yale 
College an entire bow in the north. Buriug the same 
week, the writer observed at Hartford a similar bow 
at nearly the same hour of the day. Such a phenom- 

. enon can never arise, in the case of the primary bow, 
unless the sun's altitude at the time is considerably less 
than 42°, which only happens in the winter. 

432. EXTHAORDI- ^^^ 
NARY Bows. When 
the light of the sun is 
reflected from the sur- 
face of tranquil wa- 
ter, rainbows of sin- 
gular form are at 
times observed. On 
the 6th of August, 
1698, Dr. Halley be- 
held, while walking 
on the walls of Chester, by the river Dee, a rainbow of 
the form represented in figure 24., where A B C is tlie 
primary bow, D E F the secondary, and A H G C the 
extraordinary bow, cutting the secondary at H and G. 
lis colors were arranged like those of the primary. 



Olve the Instances of rainbowB over cataracts. 

When can rainboirs appear in the north 1 

Explain fiom figura 24. ttae aitTaotiUnarr bow •eeo hy BtOtj. 
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433. The sun was shining cearly upon Uie calm sur- 
face of the river, and Dr. Halley discovered that the 
extraordinary bow was nothing more than the rest of 
the circle of which the primary was a part, bent upwards 
by refiection from the water. 

A similar rainbow, formed by reflection from the river 
Eure, was beheld at Chartrea, in 1666; when a faint 
arch was seen crossing the primary at its summit. 

431. SuPERNUMERAaY Bows. Archcs of prismatic 
colors are sometimes seen, both within the primary, and 
withmit the secondary bows, to which the name of 
supernumerary or Bupplementary bows is given. 

435. On the 5th of July, 1828, Dr. Brewster saw^Aree 
b'upernumerary bows within the primary, each composed 
of green and red arches. Outside of the secondary a 
red arch was clearly seen, and beyond this a faint green 
one. 

At Montreal, in September, 1823, three supplementary 
bows were noticed by Prof. Twining, within the prima- 
ry ; exhibiting however, only a single color, wbicn was 
violet or rather a dull red. 

At Hartford, Cu, on the 6th of August, 1847, at sun- 
set, two supernumerary bows were seen by the writer, 
within the primary, exiet%ding throughout the whole 
semicircle. The first, in contact with the primary, con- 
sisted of green and red. arches, and the second of a sin- 
gle band of pale red light. 

The most remarkable phenomenon of this kind, was 
that observed by the Rev. Mr. Fisher, in Dumtrieshire, 
and related by Dr. Brewster, at a meeting of the Brit- 
ish Association, in 1840. In this case the primary was 
attended hySve supernumerary bows, and the secondary 
by three. Kaemtz remarks, that it is not easy to account 
for these supplementary bows in a satisfactory manner; 
•>ut according to Young, Arago, and others they arise 
om the action of the rays of light upon each other : the 
- (planation however, is too abstruse to be here introduced. 

436. Lunar Bows. Rainbows are sometimes pro- 

RaUta the ewM given of •upmiiuneniry bows. 
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duced by the light of the moon ; their occurrence, how- 
ever, ia extremely lare, and their tints so very faint as 
to be scarcely perceptible. One of the most brilliant 
ever beheld, was seen by Mr. Tunstall, at Gretna 
Bridge, in Yorkshire, on the night of the 18th of Octo- 
ber, 1782, It became visible about nine o'clock, and 
continued, with varying degiees of brightness, till past 
two. At first it appeared aa a distinct bow without colors, 
but afterwards the lints were very conspicuous and vivid, 
preserving the same order as in the solar bow, though 
paler; the red, violet, and green being the brightest. 
At twelve o'clock it attained its greatest splendor. This 

{ihenomenon occurred three days before the moon was 
all ; during its continuance, the wind was very high, 
aud a drizzling rain fell for most of the time. 

Another bow was seen by the same observer, on the 
27th of February, in the same year. The colors were 
tolerably distinct, but the orange appeared to predom- 
inate. A lunar bow with colors, waa also noticed near 
Chesterfield, about Christmas, in the year 1710, aod is 
described by Thoresby in the Philosophical Transac- 
tions. 



CHAPTEK in. 



OF UIBAOE. 



437. When a ray of light, proceeding from any ob- 
ject, passes obliquely out of one medium into another 
of a different density, it is refracted, or bent from its 
course, (C. 704,) and when it reaches the eye, the object 
is seen in the direction of the last refracted ray. 



ReUta the Hvenl Instsnce* of lunar bowa. 
Whit ii tbe Babject of ebapler third 7 

In what direclian iian object seen, when Che nys thiit come from It ti 
the eye firti paas (hrough media of different dendllea 1 
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438. Thus, if E «*» 
represents the earth, 

and 1-2, 2-3, 3-4, dif- 
ferent strata of tbe 
atmosphere, decreas- 
ing in density from 1 
to 4, a ray of hght 
proceeding from the 
star S, and meeting 
the exterior stratum of 
the atmosphere at 4, 

will be successively iiHoiPBimo aiPRiCTi™. 

refracted in the directions 4^3, 3-2, and 2-1 ; so that a 
spectator at 1 will not see tbe star 8 in its real position, 
but in the direction of 1-2 S'. For this reason all celes- 
tial objects, (unless in the zenith, where there is no re- 
fraction,) appear above their true position. (C. 703.) 
Thus, the sun and moon, for instance, at their apparent 
rising and setting are actually below the horizon. 

439. The variations in the density of the atmosphere 
near the earth, produced by local changes in tempera- 
ture, occasion a similar diaplacetnenl of terrestrial ob- 
jects; this is ordinarily seen in the slight elevation of 
coasts and ships, when viewed across the sea, and is 
then called looming; but to the more extraordinary 
phenomenon of this nalui'e,the name of mirog-e has been 
given. When this phenomenon occurs, images of ships 
erect and inverted are seen in the air, delightful visions 
of tranquil lakes and verdant fields delude the fainting 
traveler of the desert, and sometimes, as in the case of 
Reggio, a noble city with all its splendid panorama of 
towers and arches, stalely palaces and terraced heights, 
appears like a fairy scene upon tbe slumbering waters 
of the sea. 



Eipltdn the olfeci of atmoqilieiic refraction fiom figure 2t 
What li bximing 7 
What U mingt ? 
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440. Instances. OothefirBtof '^■'•■ 
August, 1798, Dr. Vince observed, 

at Ramsgate, a veaael in the dis- 
tance, the topmast only being visi- 
ble above the horizon, as at A, fig. 
26. Two complete images of the 
vessel were seen at the same time ^ 

in tbe air, the one at C erect, and 
the other below at B inverted: 
between them a distinct image of 
the aea appeared at D E. The 
two images were still visible when 
the real ship had passed entirely 
out of si^kt. 

441. Similar phenomena were 
noticed by Capt. Scoresby in 1820, 
while navigating the arctic seas, 
la one instance He beheld from the _ 
mast-head eighteen sailof ships, at muu. 
the distance of twelve miles ; one 

appeared taller than its actual height, another skorter ; 
and above several of the rest, inverted imaees were seen. 
In 1822, he recognized his father's ship, tne Fame, by 
an inverted image of the vessel in the air, though it was 
subsequently found to have been at that time thirty 
mites distant, and seventeen miles beyond the horizon. 

442. During the late Exploring Expedition, a siagu- 
lar instance of mirage was seen off Terra del Fuego, 
from the decks of the Yincennes and Peacock, and which 
is thus related. "On the 17th of February, 1839, we 
had an extraordinary degree of mirage or refraction of 
the Peacock, exhibiting three images, two of which were 
upright and one inverted. They were all extremely well 
defined. The temperature on deck was 54° Fah., that 
atthemaet-head62° Fah. A vessel, that was not in sight 
from the Viucennes' deck, became visible, and the land 
was much distorted, both vertically and horizontally. 



Relate Ihe wmal cuea of mirace, 1 44(1—145, 
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On board llie Peacock, flimilar appearancea were observ- 
ed of the Tincennea and Porpoise. There was, however, 
a greater difference between the mast-head temperature 
and that oo deck, the thermometer standing at 62° Fah. 
at the mast-head, while on the deck it was but 60° Fah., 
being a difTerence of 12° ; that on board ibe Tincenaes 
differed only 8°." 

443. Simpson, while ezploriog the coasts of the north 
polar seas, in the summer of 1837, beheld a remarkable 
display of the mirage. Ab he rowed over the tranquil 
ocean, he seemed to be traversing a valley ; the waters 
af^arently riaiiig on either hand, like the sides of a 
mmaUain, and the huge icebergs upon theii sur&ce ap- 
peariog ready to topple down upon him. 

444. During the march of the French army over the 
sandy plains of Eigypt, many iostances of the mirage 
occurred. The villagea, situated upon small eminences, 
were successively seen like so many islands in the 
midst of an extensive lake, and beneath each village 
appeared its inverted image. In the same direction, an 
image of the blue sky was seen, clothing the sand with 
its own bright hues, and causing the wilderness to ap- 
pear like a rich and luxuriant country. So complete 
was the deception, that the troops hastened forward to 
refresh themselves amid these cool retreats; but, as 
they advanced, the illusion vanished, only to re-appear 
at the villages beyond. 

445. This phenomenon is so common on the deserts 
of Asia and Africa, that the Koran calls every thing de- 
ceitful by the word serab, which signifies mirage. It re- 
marks, for example, that " the actions of the incredulous 
are like the serab of the plain ; he who is thirsty takes 
it for water, and finds it to be nothing." 

446. While Baron Humboldt was at Cumana, he fre- 
quently saw the islands of Picuiia and Boracha, appa- 
rently hanging in the air, and sometimes with inverted 
images ; aud at Mesa de Pavona, cows were beheld 
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seemingly soBpenfled m the air, at the distance (^ 2,1^ 
yards. 

Wbeo Dr. Tschudi and his party were traversing a 
deep sandy plain, near the river Fasaniayo in Peru, 
they beheld the figures of themselves, riding over their 
ov>n heads, magnified to gigantic proportions, 

447. Fata Morgana. This name is grTen to an 
extraordinary optical phenomeoon, which has been oflen 
seen in the straits of MesBina, between the island of 
Sicily and the Italian coast. It haa been described by 
many writerB, and, though known for centuries, has but 
lately been considered as the effect of mirage. The 
following is the description by Antonio Minaai, which ia 
r^aided as the most correct. 

" Wlien the rising sun shines from a point, whence its 
incident ray forms an angle of about 45° on the sea of 
Reggio, and the bright surface of the water in the bay 
is not disturbed either by the wind or the cunent, a spec- 
tator placed on au eminence in the city of Reggio, with 
his back to the sun, and his face to the sea, suddenly 
beholds in the water numberless series of pilasters, 
arches, castles well delineated, regular columns, lofty 
towere, superb palaces, with balconies and windows, ex- 
tended valleys of trees, delightful plains with herds and 
flocks, armies of men on foot and horseback, all passing 
rapidly in succession along the surface of the sea." 

In a peculiar state of the atmosphere, when its dense 
vapors extend like a curtain over the waters, the same 
objects are not only reflected from the sarface of the sea, 
hut are likewise seen in the air, though not so distinct 
or well defined, and if the atmosphere is slightly hazy, 
the images seen upon the surface of the water are m'via- 
l}/ colored or fringed with all the prismatic hues. 

448. But a most extraordinary instance of the mirage 
occurred at Hastings, on the coast of Sussex, on the 
26tb of July, 1798. The cliffs of the French coast are 
fifty miles distant from this town, and in the usual state 
of the atmosphere, are below ike horizon and completely 



nascclbc (he FaU Horgnna. 
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hid from view; but oa the day meatiooed, at five 
o'clock P. M., they were seen extending to the right 
and left for several leagues, and apparently only a feu; 
miles off. As the narrator, Mr. Latham, walked afoug 
the shore, the sailors, who accompaaied him, pointed out 
and uamed the difierent places on the opposite coast, 
which they were accustomed to visit. By the aid of a 
telescope, L^mall vessels were plainly seen at anchor in 
the Flench harbors, and the buildings on the heights 
beyond were dii^tinctly visible. 

The Cape of Dungeness, which at the distance of 16 
miles fiom Hastings, extends nearly two miles into the 
sea, appeared quite close to the town, and the fishing 
boats, that were sailing at the time between the two 
places, were magnified to a high degree. This curious 
phenomenon continued in its greatest beauty for more 
than three hours. The day was extremely hot, without 
a breath of wind. 

449. A remarkable mirage of Dover Castle, was eeen 
by Dr. Vince and another gentleman, on the 6th day of 
August, 1806, at Ramsgate. 



The summits,v2wy,of the four turrets of the castle, 

ifig. 27.,) are usually seen beyond the kill A B, which 
ies between the castle and Ramsgate ; but, on this day 
not only the turrets were visible, but the whole castle, 
mnr s, appeared as if it were on the side of ike kill 
next to Ramsgate. 

B«IhIc ih.i account of (he mtctfe at Hastiiigi, ud of thai «t Kami^ia 
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Between the obserreis and the shore, from which the 
hilL rises, there was about six miles of sea, aod from 
theoce to the top of the hill the distance was about the 
same. Their own height above the water was nearly 
seventy feeL 

450. OaiGrN. The cause of mirage has been par- 
tially stated; but the subject demands a more complete 
explanation. The phenomena may be divided into three 
classes, viz. : those produced by refraciitm, those pro- 
duced by refraction and reflection conjointly, and those 
produced by reflection only. 

461. The image of Dover Castle was probably pro- 
duced by refraction, simply ; for the atmosphere gradual- 
ly increasing in density from the lofty heights of the 
castle to the level of the sea, the rays of light proceeding 
from tlie edifice, reached the eyes of the spectators in a 
curved line, like those which emanate from a star, (Art. 
438,) and the whole structure therefore appeared to tbe 
observers above its true position. 

452, Phenomena, like those observed by Scoresby, 
are attributed to the combined influence of refraction 
and reflection. At such times, the stratum of air in 
contact with the sea is colder than that immediately 
above (ArL 442], and this hkewise colder than the next 
superior stratum, and so on. Consequently, to a certain 
extent, the detistty of the atmosphere decreases with tht 
distance from the ocean, and, under these circumstances. 
the rays of light from a snip may be so changed in 
direction, as they proceed through the air, that the ob- 
server will behold both erect a.aa inverted images above 
the real object. 

453. Erect and Inverted Images above the 
Object. The annexed figure will aid us in perceiving 
how erect images are caused. 

What U nid rupactlng ibe cause of minge 1 
Inlo what cloBHi nay ths pheDoineiu ba diTidedl 
Explain the mirage of DoYer Caitle. 

To what it attributed tht phenomena of areet and Inverled linage* ubon 
ilu object 1 
What li the Biau of the ■inuMpbera ai ngaida lemperBt ure at luch tIniM t 
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t^et D be a ship, aeen id the horizon in its true posi- 
tioD, by (he direct rays n P, m P, coming to the eye at P, 
through the stratum of air of UDiform density, lying be- 
tween the eye and the ship. Let 1-8, 2-3, 3-4, &c., be 
parallel strata of the atmosphere, decreasing in density 
irom 3 to 6 ; and n r and m s, rays of light, proceeding 
upwards from the top and bottom of the ship. As these 
raye at r and s pass from the first stratum into the eec- 
ond, which is rarer, they are bent downwards, or from the 
perpendicular, according to a well-lcnown law of optics, . 
(C. 706,) and this change in direction continually occurs 
as they pass successively into strata still more and more 
rare; until at last, as at a: and v, they meet the next 
superior stratum so obliquely, that they are unable to 
enter it, and are then totally reflected from the lower 
surfaces of strata 4 and 6, at the points x and y. 

The rays, on their return, are now refracted down- 
wards, or towards the perpendicular, (C. 706,) in pass- 
ing from the rarer into the denser media, and converge 
to the eye at P, which sees the vessel in the direction 
of the last refracted rays. The ship D is therefore 
beheld at D* by the rays Pr* n", and P«* »t°. 



E.\p1iln rrora figure 39. the phenomenon of an trtri image above the ot>- 
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454. In figure 28., the upper ray before nfleodon U (he 
upper ray after reflection, and ibe image coasequeatly 
appears ereti ; but i^ as in ^ure 29., the raya erosseaeh 




other before they reach the eye at P, then the image 
will appear inverted, as is evident from the inspection of 
the figure. 

Under peculiar circumstances it may happen, that of 
two sets of rays, one from the top and the other from 
the bottom of an object, some inay cross each other 
before they meet the eye and some may not ; and then 
both erect and inverted images will be seen at the same 
time. 

465. Magnified Imaoes. The real object in figurea 
28. and 29., ia seen through the hoi-izontar etrata, under 
the visual angle ti P m. If n' P m*, the angle under 
which the image is seen, is ^reo^er than nPm, the image 
will be magnified {C. 746) in the direction of its length ; 
and if an increase of the lateral visual angle occurs at 
the same time, then the image will be likewine magni- 



Expltln Srom flgnra Z9. the phenomenoD of in Inrsited ii 

Whan m»jbotKiiaaga\»wmtt the flBnie time 7 
When JBMJ Hm Image be magnified both vtrtiealtif aoa ner 



ge ibove the 
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fitd in breadth, and will appear as if aeeo Lbrcngh a 
telescope. 

The mirage at Hastings was probably due to this 
cause. 

That such a lateral displacement is possible, is evi- 
dent from the remarkable mirage bebeJd by Messrs. 
Soret and Jurine, oo the Lake of Geneva, in Sept. 181^ 
and wbicb is sbown in figure 30. 




466. The curve ABC represents the east bank ofthe 
lake. A boat, with all her sails set, was at P, advanc- 
ing towards Geneva, and was seen, by the aid of a tel- 
escope, in the direction of G P, from Jurine's bouse, at 
the distance of six miles. As the boat successively oc- 
cupied the positions M N R, a lateral imaffe warn clearly 
seen at the corresponding points M' N' R, approaching . 
with the boat, but appearing to recede to the left of G 
P, while the boat reccMled to the right. When the sun 
shone full upon the sails, the image was visible to the 
ikaked eye. 

DmciUm tlw btenl Bibi^ Mn at Ctauan (•■«« 10.), and wqdaln iH 
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The direction of the sun's rays at the time of obser- 
vation, is shown by the arrow F D. 

457. This curious phenomenon ia siipposed to have 
been cauaed in the following niaaoer. Tne air at M N 
R, had been in the shade all the inomin^, while that at 
M' N' R' had been warmed by the sun; the two por- 
tions therefore were of different densities, and the Bur- 
pee which separated the warm air from the cold was 
probably vertical. The rays of light proceeding from 
the boat might, in this case, fall upon the vertical sur- 
face of the warm stratum as upon a mt>ror,'(Art 461,) 
and being thence reflected to the eye of the observer, an 
image of the boat would appear behind this surface. 
Thus, if L 1 was a part of this surface, the ray M I 
from the boat at M might be reflected from it ia the 
direction I 0, and an image would then be seen by aa 
observer at G, in the direction G I M'. 

458. Ihaqes below the Object. lUusioos, like 
those which were seen by the French army, arise from 
a cooditioD of the atmosphere exactly the reverse of 
that which occadoos the images to appear above the 
object. 

UpOin the arid plains of Asia and Africa, when the 
sand is intensely heated, the temperature of the air de- 
creaseB and its denskif increases from the surface up- 
wards to a certain height, where it is nearly uniforni, 
A ray of Ught, therefore, proceeding from an elevated 
object towards the ground, must necessarily pass through 
strata of decreasing density, and will consequently, upoik 
principles already explained, after a number of refrac- 
tions be reflected upwards, causing images to be seen 
below their objects. 

459. For the sake of illustration, suppose (fig. 31.) that 
1-2, 2-3, 3-4, 4r-5, Sec, are atmosphenc strata decreas- 
ing in density from the height, 6, to the surface of the 
ground at 1. Let D represent a palm tree, which is 
seen in its true position by the eye at P, through an 
atmosphere of uniform density. The raya of light e a, 
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c b, which proceed from the iap aod botlom of the tree, 
ID paBstag successively from denser into rarer media, 
will be constanlly bent upwards, until at last they suffer 
toiai rejection at y ana x; and ihtaj crossinff each 
othei _ are arain refracted through the u|H>er strata cod- 
verging to the eye at P. Ad inverted image D* will 
therefore be seen belau> the reai object in the directi<xi 
of the iast refracted rays P 6* c* and P a* e*. ' 

460. The observer is led to imagioe these images in 
the midot of a lake from the circumstance, that the as- 
cending currents of warm air, mixing with the colder 
strata, impart a tremulous motion to the images seen 
through them ; and thus they appear to be agitated, as 
it floating upon a slightly rufflea surface. A difference 
of three or four degrees in temperature is sufficient to 
occasion appearances of this kind. 

461. Imageb PRODUCED BT Keflection. Itisprc^ 
able that the mirage is BometimeB produced by refleetiim 
only, as from aplane mirror, and the instaDce witnessed 



i^v Google 



AKFLCCTEO IMAOKfl. 189 

by Capt. Mundy when trarellin^ in India, and thus 
related ia his Journal, may hare proceeded from thiv 
cause. " A deep, precipitous valley below ua, at the bot- 
tom of which I had seen one or two miserable villages 
ia the morning, t>ore in the evening a complete resem- 
blance to a beautiful lake ; the vapor which play«d the 
part of water ascending nearly half way up the ndes of 
the vale, and on its bright surface trees aod rocka being 
distiactly refiected. I had not been long contemplating 
this phenomenon, before a sudden storm came on, and 
dropped a curtain of clouds over the scene." 

The fata morgana is attributed to the refiection of 
the rays of light from the surface of the sea and vapor. 

468. The reflecting surface of a stratum of air may 
possibly at times possess a concave form, so as to present 
a magnified image of the object. (C. 732.) In this way, 
the gigantic images seen by Dr. Tschudi were probably 
produced ; the reflecting surface of the stratum of air 
being nearly vertical. 

4t>3. Another instance of this kind occurred, during 
the last war with England, when Commodore Hardy 
was lying off Boston. A figure of a sailor of a colossal 
size, was seen by his whole ship's crew reflected in the 
heavens, during a peculiar state of the atmosphere. 

464. To the same cause must be attributed the ex- 
traordinary phenomenon, which occurred in the parish 
of Migne in France, on the 17th of December, 1826. It 
was Sunday, and 3000 persons were engaged in the 
exercises of the Jubilee. As a part of the ceremony, a 
large red cross, twenty-five feet high, was planted be- 
side the churcb, in the open air. Towards tne close of 
the day, while one of the clergy was addressing the 
multitude, and reminding them of the miraculous cross 
beheld in the aky by Constantine and his army, a cross 
was seen at that moment in the heavens, directly before 
the porch of tlie church, and at the height of two him- 

ExplaiD in what mansir lm>{[M are produced by reflection. 
An Ibef orec magnified 1 
How ii ihU Bccounted for? 
Qlrein 
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dred feet above the ground. Its length was nearly on« 
Irundred and forty feet, its breadth from three to four, 
and it shone with a bright silvery hue, tinged with red. 
The assembled multitude were struck with awe, many 
regarding it as a miracle, and such was the extraordi- 
nary sensation produced throughout the country, that 
a committee was appointed to investigate this phenome- 

From the circumstances detailed in their report it is 
evident, that the cross in the sky was the moffnUied 
inutge of the cross before the church, and reflected from 
the concave surface of some atmospheric mirror. The 
image posBesBed exactly the shape and proportions of the 
wooden cross, it was tinned with the same color, and 
the state of the air at the time was favorable to the for- 
mation of such images. 

465. Spectre os" the Brocken. The gigantic 
spectre which is supposed to haunt the Hartz mountains 
in Hanover, and is seen at sunrise from the Broclcen, the 
loftiest peak of the range, is produced in a different 
manner. It is in fact nothing more than the shadow of 
the (^server, cast upon the thin vapors then floating m 
the aky. The cut below represents the spectre, as seen 
by Mr. Haue and another person, on the 23d of May, 



Standing on the stmimit of the Brocken at sunrise, 
tlow ia the apectrfl of the Brocken explained 1 
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they at first beheld upon the transparent vapors oppo- 
site to the Bun, Iwo hMmaa ^figures of immenee »iz^ 
vbicb imittUed all their gestures. Iq a short time they 
vanUbed. but soon re-appeared, and were joiaed by a 
third, which likewise mimicked every motion and atti- 
tude of the observers. Similar ]^antoma are beheld over 
the lake of Killarney, in Ireland. 

A spectacle of this kind was observed by Baron Gros, 
Secretary of the French Legation in Mexico, during hia 
ascent of Popocatepetl, in April, 1834. When he had 
attained a very great height, ne distinctly beheld, oo the 
morning of the 29lh at sunrise, the shadow of the entire 
volcano cast upon the atmosphere. It appeared as an 
immense circle of shade, through which the whole coun- 
try below could be plainily seen, and was bounded by a 
vapor moving from north to south. As the sun rose the 
shadow descended, becoming more and more transparent, 
and in the space of two or three minutes was entirely 
dispersed. 

466. Artificial Mibaob. The phenomena of the 
mirage have been artificially produced by Dr. Brewster, 
in the following manner. 




A B C D, figure 33., represents a trough with glass 
sides, A D, C B, and filled with water up to the level 
A B. If a hot iron is held near the surface of the water 
the heat descends, and a change lakes place in the den- 
Describe thii phMUHaanoD. 
Wbst phBDomenoQ wu beheld by Buon Groel 
In what niaDDei mn; «n ittiflcM mlrai 
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Bity of the fluid, the density increasing from the surfiice 
to the bottom. When the heat has almost reached the 
bottom, if a smsll object, ae a toy-ship, is then placed at 
S, the eye at E will see an inverted image of the ship 
at S' aad an erect one at S": an appearance similaT to 
the mirage obwrred by Dr. Tioce. 



CHAPTER IT. 
OF OOSOnAS AND BALOEB. 

467. Coronas. When light, gauze-like clouds float 
before the sun and moon, their disks are sometimes 
seen encircled by one or more colored rings, which 
are termed coronas or crowns. This appearance is more 
frequently beheld about the moon ; for tne eye ie usually 
too much dazzled by the brilliancy of the sun to discern 
the hues that surround its orb. To observe them with 
distinctness, they must be yiewed by reflection from a 
blackened mirror, which tempers the vividness of the 
solar rays. 

468. If the coronas are complete, the rings are each 
composed of several concentric circles : the first, count- 
ing from the disk, is of a deep blue, the second white, 
and the third red. 

These three circles constitute the fo-st ring. In the 
second the order of colored circles, reckoning the same 
way, is purple, blue, green, pale yellow and red. 

469. Rarely, however, are coronas thus perfect ; for 
more often blue mingled with white is observed near 
the disk ; this is followed by a red ring, its inner mar- 
gin clearly defined, but its outer limit blended with the 

Of what does chapter iburth t«l1 

What are coionul 

Aioimd whil oib are the; matt ftequently nen 1 

niul U the eppMiiDce of coraaas when completel 

Am tlwy nmaltjr peifeci 7 
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nicceeding circles. If beyond this, a neeond red ring 
is seen, a green circle occupies the intecral between the 
two. Kaemtz discovered, that ihedistance of this latter 
circle from the centre of the sua varied, according tc 
the state of the clouds aad atmoaphere, from otte to 

470. Origin. According to Fraunhofer, coronas are 
caused by the diffraction ^ light ; by which is under- 
stood the change that a ray of light undergoes in pass- 
ing aa-oss the edge of an interposed body, in conse- 
quence of which it is decomposed into the seven primary 
colors, as if transmitted through a prism. 

471. This effect may be feen if a ray of light is ad- 
mitted into a darkened room, through a very mnall 
opening, as a pin-hole, and a knife-blade placed across 
the ray. if the shadow of the biade is now received 
upon a white KT^tn, fringes of colored light will be 
observed on each side of the shadow, arranged in the 
order of the prismatic hues, commencing wiin the blve 
and terminating with the red. The manner in which 
coronas aie produced by diffraction, requires a some- 
what extended explanation. If we c Jt a fine slit with a 
knife in a card, and view through the opening any lumin- 
<H1« object, as a candle, we shall perceive on each side 
of the aperture a row of colored images, which are those 
of the candle. Each of these images possesses all the 
colors of the spectrum, and the order of their tints is 
the same, the violet being nearest to the aperture, and 
the red the most distant from it. 

472. The images will be more numerous and brilliant, 
if instead of a 8tn|f{e opening, a system of many apertures 
is arranged, equal in size, and equally distant from each 
other. This may be effected by ruling upon a piece of 
glass with the point of a diainond,Jfn«, parallel, and 
equi-distant lines, several hundreds in an inch. If in a 
darkened room we look through a plate of glass thus 



Wbat la the opinian of Fraunhoier reipacUng ttte d 
Flplain diffracHoa. ... 

Hew mty iMi pheoomeaon be ohiblt«d 1 
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prepared, at a Bmall openings in the wiodow-shtUter 
through which the siiii'light comes, a r<m of pristnaHc 
images of thia opeDJng will be seen on each stde of it; 
Iheir direction \x\a^ perpeiidicular to the Hnea. 

Thus, if figure 34, repre- '*«■ . 

Bents such a plate of glass, 
the white lines being iharuled 
lines, and the aperture is view- 
ed through the point, L, a 
row of images will be seen on 
each side of L at the corres* 
ponding points, a a, b b, ce, 
and in a line perpetidicular to 
the ruled lines. The tints na»ina mioaa. 

are in the same order as in the 

firsL experiment, and are caueed by the decomposition 
which the rays of light undergo in passing by the edges 
of the unruled intervals of glass. 

If another series of parallel lines is drawn at riffhi 
angles to the first, a second row of colored images will 
start up in a direction perpendicular to that of tbejSrsf 
images ; and, if the ruled lines in both series are equality 
distant from each other, the £rsl set of images aaaa, 
will all l>e situated at the same distance from L, eadi 
one on the midcUe of the side of a square, whose centre 
is L. The same will be true of the second set b b b b, 
and so of the rest. 

If there were three series of ruled lines, equally in- 
clined to each other, they would form regular si^-iided 
Jigures or liexagons,n\A the images would be found on 
Uie side^ of hexagotts as iu figure 35., where the white 
dots represent the places of the images. 

473. Now it is evident, the number of series may be 
so increased, that the figures formed by the hnee shall 
have so many aides as not to differ essentially from 
circles ; and then the colored images would touch each 
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other, {oTmin^ rings of prUr- 
maiic images around the 
luminous point, the blue 
being' the innermost color, 
and the red the outermost. 
Thus, for instance, if in fig- 
ure 35., the number of Beriea 
was 30 multiplied, the larg- 
est hexagon would he chan- 
ged into the limiting circU, 
and the images, aa, b b, c c, 
&.C., would form prismatic 
circles around L as a eontmon nnuna mAaai. 

centre. 

474. These rings appear in great beauty when a 
luminous object is viewed through a plate of ruled glass, 
the lines forming concentric circles, many hundreds, and 
even thousands being contained in an inch ; the distance, 
number, and brUliancy trf the rings increasing with ihe 
fineness of the lines, and the narrowness of the trans- 
parent intervals. 

475. Simitar prismatic rings are beheld, whenever 
the transparent intervals through which the object is 
seen are grouped symmetrically around a point. Thus 
Fraunhofer, in looking at a luminous object through a 
number of small glass balls of equal size, placed be- 
tween two parallel plates of glass, saw it surrounded by 
several colored circles or coronas. Nor is this suipris- 
ing, for the apertures between the balls through which 
the light came, are arranged concentrically around a 
point, like the transparent intervals in the case of the 
circularly ruled lines. This will be seen by a reference 
to figure 36., where the dark circles represent the balls, 
and the light parts between them the intervals through 
which the rays come from the luminous object, which 
is supposed to be situated behind the figure. Now it is 
obvious at a glance, if the eye is fixed upon B, that the 
interrals lie in the drcutnferenees of circleB, whose com- 
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mon uvtlre is the middle "•■•*■__ 

point tff B. If we look at A, 

the intervale are arran^^ed 

around this ball in a Eitnilai' 

way, and so of any other 

Imil. In viewing, therefore, 

a bright olrjeti ibrough the 

balls, it should exhibit the 

same appearances as if seen 

through the circularly ruled 

glass, and this is found to 

be the case. 

476. Now the globules of vapor, of which f<^s and 
clouds are composed, are arranged in a similar manner 
throughout the atmosphere, and act upon the light of 
the sun and moon as if they wete so many small glass 
halls. When, therefore, the rays of the moon, for in- 
stance, reach the eye of the observer, after passing be- 
tween the particles of light, interposing vapors, he will 
often see her orb surrounded by beautiful coronas, glow- 
ing with the rich colors of (he spectrum. 

477. Coronas are only seen when the globules of 
vapor are comparatively yctc, and are of eqital size. If 
they are too numerous a dense cloud is formed, and the 
intervals being closed by the globules, no rays can pass 
through them. If they are/ew in number but differ in 
size, tnen the intervals are not symmetrically arranged, 
and the sun or moon will appear surrounded by a^wry, 
or bright circle of white light. 

The distance of coronas from the luminous body is 
not always the same. The smaller ibe particles, the 
greater is the diameter of the rings. 

478. When white clouds, having the form of the 
cirro-cumulus, foat near the sun, bright, priamalic 
colors are often seen, by the aid of a blackened miiTor, 

When tie coroM* only seen 1 

What i« the re«ult when tba panialcB of mapor diSsi la ilM7 

Why will the rings vary In mBgnlliidsl 

Wlial 1b suld respecting the edges of cirro-cumulaa and eumoliu cloudi^ 
when puling new (he >un and mooat 
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frimgiog the edges that are parallel to the horizon. The 
fricges are generally green within, bordered by two red 
Unea. 

If the air is pure, and the moon shines brightly, the 
light and broken edgea of cumulus clouds, as they pas! 
near her di^, are sometimes seen in like manner fringed 
with prismatic hues, the purple tint being the nearest 
color, and the red the most distant. 

479. Antbelia. Anthelia are coronas seen by re/Jeu- 
tion, when the hack of the observer is towards the sun ; 
and are so called from the Greek words anti, opposite, 
and hetios, the sun. 

If the plain surface of the circularly ruled glass 
(Art. 474) is blackened, and the luminous object seen 
by reflection upon the ruled side, its image wUl appear 
surrounded by colored rings precisely like those that 
encircle the object itself, when viewed, as in the first 
case, by tranatmtted lighL 

In analogy to this, when the ^adow of a person is 
cast upoD a stratum of vapor, the head of the observer, 
luider favorable circumataacea, is seen a^urrcnmded with 
prismatic circles. 

480. A beautiful display of this kind was witnessed 
from the summit of Mount Lafayette, fifteen miles ftova 
Mount WasbiDgtou, on the 7th of August, 1626. In 
the afternoon of the day in question, two gentlemen 
were standing upon this lofty eminence, a thunder- 
storm was raging beneath them, and a sea of vapor shut 
out the vales from view. A light mist was at tnis time 
fatting, when suddenly the sun burst through the clouds 
above, and the observers saw their shadows resting upon 
the vapor be/ore them, their heads surrounded with 
brilliant, prismatic rings. The circles were apparently 
ten or twelve feet in diameter, perfectly defined, and their 
tints were exceedingly rich and vivid. This phenomenon 
lasted for the space of twelve or fifteen minutes, when 
it gradually vanished. 

481. In the polar seas, when the stratum of fog that 

DrtM •nthelia. B^u tbalnHaacMfiaMi. 
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rests upoD the ocean rises to the height of about three 
hundred feet, a person, sutioned upon the mast of a 
ship, eighty or a hundied feet above the water, perceives 
in the fog opposite the sun, one or moie circles around 
the shadow of his head. They are all cooGeDtric; 
their common centre being in the imaginary tine drawn 
from the sun through the eye of the spectator to the fog 
beyond him. The number of circles varies from one to 
five, and when the sun is bright, or the fog thick and 
low, they are usually numerous and highly colored. 

488. On the 23d of July, 1821, Scoresby saw four 
concentric circles around his head, with the series of 
colors arranged iu the foUewing order : 

1st circle, white, yellow, red, purple. 

2d circle, blue, green, yellow, red, purple. 

3d circle, green, whitish, yellowish, red, purple. 

-4lh circle, greenish while. 

The colors of the first and second rings were very 
brilliant, those of the third faint, and only seen at inter- 
vals, while the fourth exhibited only a slight tinge of 
green. According to Scureeby, anthelia are always seen 
in the polar regions whenever fog and sunshine occur 
at the same time. 

483. Several philosophers have supposed that an- 
thelia, or coronas opposite to the sun, are caused by 
the passage of light through frozen particles of vapor, 
but this f^enomenon has frequently occurred, when the 
temperature of the air was so high as to preclude this 
idea. 

Thus Kaemtz often beheld anthelia upon the Alps, 
when the temperature of the air was SU'' Fah., at a 
short distance from the fog. Their explanation upon 
the pi'iticiple of diffraction is the most satisfactory, and 
the iiuth of ihis theory is strongly confirmed by an ob- 
servation of Kaemtz, who, on one occasion, first saw a 
corona when the cloud was between himself and the sun, 
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484. Haloes are circles o/prisntatic celora ftbout the 
s^it and moo» ; tttey differ from corpnas in three partic- 
^ia^a ; firat, their structure ia often more contplicated ; 
eecondly, theii' diameter is greater; and thirdly, the 
order of colors is reversed, tiie fed being nearest the lu- 
minary. 

485. The several parts of this pbenoRienoa may be 
thus classified, 1st, Circles mrrmmdaig the orb which 
occttpiea their ceiUre- 2d, Circles passing through the 
(tt^b. 3d, Arcs o/cirdes toiiching those of the fa^st class. 
4lh, Parhelia aiul paraeeleiue or mock-siats and mock- 
moons, found at ihe points wh«ie the nirclea cross each 
other. 

486. Pacts. The annex- 
ed figure represents a halo 
around the sun, observed by 
Schetner, in 1630. In the 
ciil^ S is the sun, A B C a 
circle about 45° in diameter, 
and D E F another circle, its 
diameter being nearly 95° 
20', the sun beiiig in their 
common centre. Both the 
circles were colored like the 
primary rainbow, hut the 
red was next to the sun, the 
other c<4ors succeeding in 
the natural order. D 8 P is 
a third whitish circle pass- 
ing through the centre of the sun, and H E O a poHion 
of a fourth touching D E F at E. At A, C, D, and P, 
were mock-suns ; the same pheoomeoa were seen at B 
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and ti. The mock-flUDa, A and C, were of a purplish 
red next to tbe sun, while D and F were entirely wkUe , 
the former were alao more brilliant, conlinulng visible 
for three hours together, while the light of the latter waa 
faint and fluctuating. 

The mock-fluns B and E were almost the first to ap- 
pear and the last to fade, excepting A, and throughout 
the whole pljenomeoon, which lasted five hours, they 
were perpetually changing in magnitude and color. B 
was formed in a pecuhar manner, the halo ABC was 
composed of several interseUmg circles, and at one of 
these intersections the mock-sun B appeared. 

487. On the 9th of Sept. 1844, a halo of a somewhat 
complicated structure was seen by many observers, both 
at New Haven and at Hartford, Ct. It continued for the 
apace of four hours, commencing about 10 A. M. and 
ending at 2 P. M. 

Fi(.aa 



Its appearance is shown in figure 38., where S repre- 
sents the sun, A B the ordinary halo of about 45° in di- 
ameter, and C D a circle whose centre was in the zenith 
while its circumference passed through the bub. Di- 
rectly north of the zenith, upon the circumference of C 
D, a parhelion appeared at the intersection of C D with 
the circles E F and G H. which were both equal in size 
to itself. 
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The halo A B exhibited at times briffht prismatic 
liuls, aDd was attrnded by an ellipse or oval, as seen in 
the figure. The other circles were white, and fainter 
accordinj? as they were situated farther from the aun. 

488. On the 30th of March 1660, at Dantzic, Heve- 
lius beheld, about <»ie o'clock in the morning, the halo 
shown in figure 39. When first perceived the moon at 
M was surrounded by nf. at. 

a complete whitish 
circle, ABC, 45" in 
diameter, while at A 
and C weie two mock- 
moons displaying vo- 
rious colors, and shoot- 
ing out at intervals 
very long and whitish 
Blreams of light. At 
two o'clock the larger 
circle, D E P, was seen, 
reaching down to the 
horizon, having a di- 
ameter of 90°. 

The tops of both carcles were touched by eolorad 
arches, like inverted rainbows, the red lint being next 
to the moon. The arch at B was a part of a circle equal 
in size to D E F, while that at E was a portion of a 
circle of the same magnitude as A B C. 

489. Suck ie the general structure of haloes, and the 
identity that exista in the magnitude and arrangement 
of the several parts clearly shows, that they must origi- 
nate in certain fixed laws ; but what those laws are hae 
not yet been fully determined. 

490. Ordimabt Halo op 45°. The most satisfacto- 
ry explanation of this halo ia that given by Uariotte and 
Dr. Young, who suppose it to be caused by the re/rae 
tion of the sun's rays, as they pass through crystals qf 
frozen vapor, floating t» the upper regions «^ the at- 
mosphere. 

What dOM tha gtaenl Mractare of bakm indieaU 1 
■explain dwodgla of tlia bala of tmtr-tM dapaM. 
9* 

I : „u.-, Google 




BOB OPTtOAL PBEHOMENA. 

491. For th« sake of illuatratioo 
we will tjuppoae that A, figure 40, is 
a crystal of ice or bdow, having its 
refracting angle equal to 60°, which 
is Lhe usual angle of such cryatelB, 
and that S E and S P are |Kirallel 
•unbeams, and E the eye of the ob- 
server. The ray, S P, passes through 
the crystal as through a prism, and is 
decomposed into its original colors, 
the greatest amount of priamaiic 
light reaching the eye when the angle 
of deviation, S E R, is abimt twenty- 
two degrees and a half. 

493. Now, it is well known, that ' 
in cold weather the air near the eaith '""m«?,JISJ"" 
is often filled with fine needle-shaped 
crystals of ice, and that in the higher regions of the 
atmosphere, above the limit of perpetual congelation, 
crystalized vapor exists in summer as well as in win- 
ter. (All. 237.) 

493. If we then suppose a stratuui of ice-crystals 
floating in lhe air so thin that the sun is distinctly seen 
through it, though veiled as by a slight mist ; an ob- 
server will behold this luminary encircled by rings of 
colored light, proceeding from those crystals whose an- 
gular distance from the sun is about twenty-two degrees 
and a half. 

The diameter of this circle or halo, will of course be 
nearly 45°, and the red tint will be next to the sun since 
it sul^rs les3 refraction than the blue. 

494. It might be objected, that the crystals of snow, 
when floating in the air, would not naturally assume 
euch positions as to refract the light properly to the 
eye ; but it can be proved by rigorous calculations, that 
if the vast number of crystals which compose the stra^ 
torn, take every possible position, one-half of the sun- 



How 1b the objection uwirvnd, that tba otjm^ of In woakl not Oft- 
tiinO]FuaniiM»uchapo#aaaMtaMfk>c(dnllghito tlM«T«1 



.-, Google 



HALO OF NiNETT DEOHEEB. SOS 

light will pafls throu^ them ; and that one-third of the 
traosmitied raya will reach the eye witliio a range of 
one and a hcdf degrees, viz., when the angle of demotion 
S E R varies from 21° 50' to 23° 22'. 

Such ie the theory in regard to the origin of the ordi- 
nary halo, and the probability of its triilh ie utrength- 
eneJ by the fact, that fine crystals of ice are linowQ to 
produce curves and circles of prismatic light, 

495. On the 23d of March, 1845, Prof. Snell, of Am- 
herst College, beheld a most beautiful phenomenon. As 
he stood facing ihe sun, which had just arisen, he ob- 
served upon the dead grass before him a curved, hori- 
zontal band of light, three or four feet broad, glowing 
with all the colors of the rainbow. The top of the 
curve was twelve or fifteen feet distant, while the two 
branches extended several rods to the right and left. 
The long spires of dead grass were fringed with frost- 
crystals, and the cause of this brilliant arch was justly 
attributed to the refraction of the sun's rays aa they 
traversed these minute prisms. 

496. If a distant light, as a street-lamp, is viewed 
through a pane of glass upon which the vapor of a room 
has crystalized, two or more fine Ao/oas will be distinctly 
seeo surrounding ihe luniinoua object. The same ap- 
pearances are presented to the eye if we substitute a 
plate of glass upon which a few drops of a saturated 
lolutioo of alum nave rapidly crystalized. 

497. EzTaAORDrNARY Halo op 90". The halo of 
ninety degrees is also supposed to be owing to the re- 
fraction of tight through crystals of ice or saow ; the 
crystals being six-sided prisms. (Art. 283.) 

498. Circles fabsino through thk Sun. These 
are often highly colored, and when the sun is near the 
horizon, a portion of a vertical circle sometimes pre- 
sents the appearance of an upright, luminous column. 

What ftcta ue (tated to ihaw dut minute Ica-crratull can produea 
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Many years ago, on a very coli] morning, there were 
seen at Weet Point, above the sun, vertical columns of 
light of exceeding splendor, tinted with all the pris- 
matic colors,&nd surpaBsing in brilliancy the hues of the 
rainbow. A aim ilar phenomenon was observed at the 
same place, by Prof. Twining, on the 5lh of Jan. 1836 ; 
but the prismatic tints were wanting. 

On the 2d of January, 1586, an extraordinary display 
of this kind was seen by Roth, at Cassei. Before the 
Bun rose, an upright column of light illumined the sky, 
at the point where the sun was about to appear. Its 
breadth was equal to that of the cun, and it glowed like 
a vivid flame. An image of the sun next appeared so 
brilliant as to be taken for the orb itself. This was 
immediately followed by the true sun, which was di- 
rectly succeeded by a second image. The luminous 
column with its three suns was visible for the space of 
an hour; the three suns were exactly similar, only the 
true one was the brighter. 

499. A similar phenonienon was observed on the 21st 
of February, 1847, by Lieut. Abert and his party, du- 
ring their exploration of New Mexico, and is thus de- 
scribed by Abert in the official repoit of the expedition : 

" The snow had heaped up around the rest of the tents 
so that the inmates were obliged to desert them, and 
take refuge in the wagons. About mine, the wind had 
swept in such a way as to keep open a path around it, 
although the enow was on a level with the ridge-pole of 
ths tent. We now broke up some boards that were in the 
wagons, and kindled a little fire. Soon the sun rose ; 
but, instead of one sun, we had three; all seemed of 
equal brilliancy ; but, as they continued to rise, the mid- 
dle one only retained its circular form, while the others 
shot into huge colttmns ofjire, which blended with the 
air near their summits. The breadth of the columns 
was that of the sun's apparent diameter, and their height 
about twelve times the same diameter ; they were be- 
tween twenty and thirty degrees distant from the sun. 
Before the sua had risen more than ten degrees the 
phenomenon entirely disappeared." 
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600. The origin of these circles, as well as of those 
which belong to the third class, ia attributed to the 
action of enow-crystals upon the rays of light, and phi- 
losophers have discovered much ingenuity ia fi&ming 
hypotheses to account for these phenomena. 

601. Parhelia AND Paraselene. The images of 
the auH observed in haloes, are called parhelia, from the 
Greek woids para, near, and helios, the sun ; while 
those of ihe moon are termed paraselentB, from para, 
near, and seUna, the mooa : they have also received the 
names of mock-suns, and mock-moons. These images 
are found at the intersection of the different circles, and 
are formed by the accumulation of Lght at these points. 
That such an increase of light occurs is obvious : for 
if two equally bright circles cut each other, the place 
where they cross will be twice as bright as the circles 
themselves. The parhelia and paraselenas are tinged 
with the colors of the ordinary halo, and have freqaently 
appended to them a waving stream of light 

Whu 1> nid u to theii origin 1 
What are paihdlK uid parueleEUB 1 
In what nunoer an they prodaoed I 
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502. Meteorites are tboee solid fiery bodies which 
from time Lo time viait the earth, sweepiug through the 
aky with immense velocity ia every direction, and re- 
DiKiaing visible but a few moments ; they are generally 
attended by a luminous train, and during their progress 
explooioris usually occur, followed by the fall of stones, 
to which the name of aUrolUes is g^ven, from the Greek 
words a£r, atmosphere, and lithos, a stone. 

503. Facts. At nooo, on the 7th of Nov. 1462, at 
Ensisheim, in Germany, a loud explosion was heard in 
the air, and a stone seen to fall which buried itself deep 
in the earth. It weighed 260 lbs., and by the order of 
the Emperor Maximilian, was suspended in the church 
at Ensisheim, where it remained until the Frencli revo- 
lution. A portion of it is now in the Parisian museum, 
and another in the Imperial Cabinet ai Vienna. 

On the 21st of June, 1635, a fiery mass was seen 
passing over the Veronese territory with such velocity, 
that the eye could scarcely follow its motions. Loud 
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ex;>toeioDS were beard, and a large stone faU near ths 
Benedictine Conveot, about six miles from Verona. 

604. At half past six o'clock, oo the morniog of the 
14th of Dec. 1807, a meteorite was sesn rushing from 
north to south, over Weston, in the State of Connecti- 
cut; \^ apparenl diameter \>eia^ equal to one-half, at 
two-thirds, that of the full moon. As it passed behind 
the clouds, it appeared like the sun through a mist, and 
shone with a niitd and subdued light ; but when it shot 
across the intervals of clear sky, the glowing body 
dashed and sparkled like a firebrand carried against the 
wind. Behind ii etreained a pale, luminous train, taper- 
ing ill form, and ten or twelve times as long aa its diam- 
eter. 

The meteorite was visiUe for the space of half a 
minute, and just as it vanished gave three, distinct 
bounds. About thirty seconds after its disappearance, 
three heavy explosiona were heard like the reports of a 
cannon, succeeded by a loud, whizzing noise. Directly 
after the explosions, a person of the name of Prince 
heaj'd a sound resembling that occasioned by the fall of 
a heavy body, and upon going froiii the house peiceived 
a fresh hole in the turf, at the distance of Iwenty-five 
feet ftoin the door. At the bottom of the hole, two feet 
below the surface, an aerolite was discovered which 
weighed nearly 35 pounds. 

Another mass, which was dashed lo pieces upon a 
rock, was judged, from the fragments collected, to have 
weighed two hundred pounds. Other aeiolites fell in 
various parts of the town. The stones, at the time of 
their descent, were hot and crumbling, but gradually 
hardened upon exposure to the aii-. 

505. At Futtypore, in India, on the 6th of Nov* 1814, 
a meteorite was seen, shortly after sunset, shooting 
swifily towards the north-west. It appeared as a blaze 
of light surrounding a red globe of the apparent size of 
the moon. As it proceeded oo its course, loud explo- 
liious were heard, resembling the sound of distant artil- 
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lery, and a stone fell, wbicb, ia iU dfiacent, emitted 
eparka like those proceeding' from a bUckeinith's forgo. 
When first discovered, the airaliie was hot, and ex- 
haled a strong BulphurDus smelL 

On the lltb of Dec. lB36,juBt before midnight, a me- 
teorite of extraordinary size and brilliancy was seen 
over the village of Macao, in Brazil, traversing a cloud- 
leas sky. It burst with a sharp, loud noise, aod a 
shower of atones fell within a circle of ten leaguw. The 
aerolites varied in weight from otie pound to eighty, and 
descended with such lorce as to break through the roofa 
of houses, and bury themselves deep in the saod. 

606. Dr.Chaldni has compiled an extensive catalogu) 
of instances whea meteorites have been seen; from 
which it appears, that these extraordinary bodies have 
been noticed from the earliest offes, and in all parts of 
the world; and, since attention oas been drawn to the 
sulnect, scarcely a year now passes without one or more 
well-atlested cases of the fall of aerolites. 

507. Size op Meteorites. We must not confound 
the magnitude of the meteorite with that of the aerolite, 
for the latter is nothing more than a fragment thrown 
off from the former and falling to the earth, while the 
main body sweeps onwa'i in its course. 

The diameter of the Weston meteorite was computed 
to be 300 feet, and that of the meteorite observed by 
Mr. Cavallo, at Windsor, on the 18lh of Aug. IT'SS, was 
calculated by this gentleman to be no less than 3310 
feet, or more than three-fifths ofafmle- Mrs. Somer- 
viile mentions one that was estimated to weigh nearly 
600,000 tons. 

5081 Altitude. The height of meteorites above the 
earth has been estimated, and found to vary from 18 to 
70 or 80 miles. According to the calculations of Dr. 
Bowditch, the meteorite of Weston e^proached within 18 
miles <tf our globe, and one mentioned by Mrs. Somet 
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atance is given by Dr. Haliey of a meteorite that explod* 
ed at an elevation of 69 milee, with a repoit like that trf 



509. Velocity. The velocity of these bodies ia gen- 
erally somewhat more than 300 miles per minute, though 
many cases have occurred of far greater speed ; the me- 
teorite just mentioQed, thai came within 25 miles irfour 
earth, moved at^he rale of 1200 miles per minute. 

610. If a body in the atmosphere is seen at the same 
time by two observers upon the earth at different sta- 
tions, and its angular elevation taken at both stations; 
Hs height In miles and feet is easily ascertained by the 
aid of trigonometry, when the distance between the two 
atationa is known. If the body is in motion, and its po- 
sition noted at tbenu»7i«nf of its appearance and disap- 
pearance, the dJMance it travels in this interval, or tfis 
length of its visiblepaih can be obtained, when itd height 
has first been computed. The speed is ascertained by 
dividing the length of the visible path by the number of 
seconds during which the body is seen. The magjii- 
tude ia easily obtained by trigonometrical calculations, 
when the distance o( the body and its angular diameter 
ia known. Ia this manner computations are made upon 
meteorHea, ahooting-atars and the aurora boreaUs. 

511. Prom their sudden appearance and extreme ve- 
locity, all observations upon these phenomena are liable 
to great inaccuracy, and estimates of magnitude, veto- 
city and height, derived from such observations must 
be received with much allowance, and are to be regard- 
ed only as approximations, more or less near to tha 
truth. 

ASS0LITE8. 

618. Form. The greater number of agrohtes, ac- 
cording to Schreibers, have always the same generaX 
form, which is that of an oblique or slanting pyramid. 

In vhit manner are oalciilalkHia made napActing th« alie, ahilada, apeed, 
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They are aleu alike in external appearance, presenting 
to view a black, ahimng cr»st, a» if the body had been 
ooaied with pitch. This ciust is not greater than the 
two-hundredth part of an inch in thickoess, its composi- 
tion is identical with that of the mass, it bears the marks 
of fusion, and strikes fiie with the flint. When broken, 
the surface of the fracture displays the color of an ask- 
grey. 

" Distinct aerolites," saya Berzelius, the celebrated 
chemist, " are frequently so like one another in color and 
external appearance, that we might believe them to have 
been struck out of one piece." 

513. Composition. According to Berzelius, aerolites 

consist of eighteen elementary substances. A nine- 

' e been discovered, and perhaps two othei's. 

trkable for containing malleable tn^alllc 

d chrome. Their specific gravity varies 

28. 

common characteristics indicate a com- 
1 this we are led to seek beyond the earth, 
he coinpoaition of aerolites is totally dif- 
t of any stony niaas, forming a part of the 
be. Malleable Tnetallic iron is rarelif, if 
'.errestrial substances, nickel is extremely 
never been di»:overed on the surface of 
chroma is, if possible, stUl mare rare. 
ttimes happens, though seldom, that the 
agrohte clinsists almost entirely of fnetallic iron. On 
the 2(5th of May, 1751, a meteorite burst with a tremen- 
dous rtipoi't, over Hradschina, in the district of Agram, in 
Upper Sclavonia. T^co fragments were seen rushing lo 
the earth, the largest of which struck deep into the soil. 
This mass weighed 71 ibs., exhibited evident traces of 
fire, and, upon being analyzed, gave, out of every 100 
parts, 95,5 of iron and 3.5 of nickel- A portion of the 
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iron bein^ finely polished, and corroded with acids, a 
moEt beatitifiri cnfslaHne aiructvre was rev«aled, branch- 
ing in every direclioD over the surface. This peculiarity 
belongs to naoet of the specimens of the iroD of mete- 
orites. (See Fig. 41.) 



iOap^ qf an Imprtttitalaken^nm the b^m,) 

516. Meteoric Iron. From the peculiar constitu- 
tion and structure of aerolites, we are enabled to detect 
the meteoric origin of masses of iron which aie occasion- 
uiiy found scattered over the surface of the earth, in all 
quarters of the g'lobe. For since they posses:* the sa/nc 
elements as the iron of aerolites, combined in the sam-e 
manner, and as no such masses have ever been taken 
from DiiueB, we must Decessarily conclude, that they were 
once exploded from a meteorite, though ao record exists 
of their fall. 

617. Huroholdt relates, that ia Mexico, near the envi- 



i^v Google 



SIS LtfMIIfOm PHSMOMBHA. 

roiM of Durangc^ is an etwrmousmasaofmaiieaMeiron 
and niclcel, which poa o e o ae o exactiif the same oamposir 
UtM as the fragment that fell at Agram. 

A moBfl of metaiiic iroa, weighiu^ 1544 lbs., was dis- 
covered by Prof. Pallas, in 1771, at Krasuojafk in Sibe- 
ria. It was regarded by the Tartars as a sacred ob- 
ject, and accoming to their traditions bad fallen from 
heaTen. 

The fomous mass of malleable iron which was found 
in Texas in 1808, and is now in the cabinet of Yale 
College, weighs 1^6 lbs. It contains nickel. 

618. During an expedition in South Africa, Sir James 
Alexander discovered, near the Great Fish river, a con- 
siderable tract of country, over which fragments of me- 
tallic iron were scattered in profusion; a specimen 
analyzed by Sir John Herschel, was found to possess 
nickel, thus proving conclusively the meteoric origin of 
the masses. 

619. Origin of Meteorites. Natural philosophers 
have advanced Jive hypotheses, to account for the origin 
of these extraordinary bodies. 

1st- That they are ejected fr&m terrestrial volcanoes. 

2d. That they are produced in the atmosphere, beinj^ 
formedfrom the gases exhaled from the earth. 

3rf. Thai they are thrown from lunar volcanoes. 

4th. Thai they are terrestrial comets revolving about 
the earth like the moon. 

5th. That they are celestial bodies revolving about 
the siin like the planets, and encountered by the earth 
in its annual progress. 

620. First Hypothesis. The first supposition can- 
not be maintained, since it is impossible for the volca- 
noes of the globe to hurt to the height of twenty miles 
masses of the size of meteorites ; besides, the composi- 
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lion of the Istter is entirely different from all voleame 
yroduets. 

521. Second Hypothesis. The second ia likewiae 
uatenable. Nickel, accoidinf to high chemical au- 
thorities, has never been raised in vapor; even under 
the intense heat of volcanoes. A man of matter formed 
in the air, must therefore he destitute of nickel, an ele- 
ment which meteorites invariably poflsens. Moreover, 
such a body, in its descent, would fall perpendicuiarly 
to the ground by the action of gravity, and not sweep 
along, as did the Weatou meteorite, in a direction nearly 
pareUlel to the surface of the earth. 

522. Thibd Hypothesis. In regard tolhe third hy- 
pothesis, it has been shown, by calculations of La Place, 
and other eminent mathematicians, that a mass pro- 
jected from the moon, with a velocity of 10,660 /eei per 
second, would pass beyond ihe point of the moon's at- 
traction, and either fall to the globe in the space of tw: 
days and a half by the force of gravity, or revolve 
about the earth like the moon. It is not therefore im- 
possiile, that such an event might occasionally occur , 
out it in utterly iinprohahle that meteorites originate in 
this manner. 

523. Omitting other objections to this hypothesis, the 
aize and -number of meteorites constitute an insuperable 
difficulty. It requires a strong faith to believe, that suet) 
masses, as have been described, could be hurled fjom a 
lunar volcano, at the rate of not less that 10,000 feet pei 
second ; a speed jlve times greater than the highest ve- 
locity of a cannon-ball. 

524. The number of meteorites must be also very 
great ; for they have been seen from the earliest ages 
and in all inhabited quarters of the globe occatiionEilly 
traversing the heavens, and those which have been 
noticed are probably only a part of the actual number 
that have visited the earth. Many must have passed 
unseen over the broad expanse of ocean, or crossed vas' 
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tracts of uninhabited lands, leario^ no trace of their 
existence, except those masses of meteoric iron, which 
from time to lime are brought to Ught If therefore the 
lunar theory is adopted, we can scarcely avoid the coo- 
dusion, that the moon has been ejecting for ages, so 
many, and such va9t masses of matter, as must have 
Bensil:jy diminished her bulk, tuid occasioned derange- 
menls in her system — results at variance with ail oba^- 
vations. 

525. Fourth Hypothesis. The fourth hypothesis, 
which ia that of President Clap, of Yale College, affords a 
more reasonaMe explanation of the phenomena of these 
extraordinary bodies than any of the preceding. Under 
this view the earth is supposed to possess a system of com- 
ets Uke the sun. The solar comets revolve about their 
primary in very extended orbits; at one part of the 
course approaching so near the sun as almost to strike 
its surface, and during the remainder, sweeping lar out 
of sight beyond the path of the planets, continuing 
invisible for years and even ages. In like manner me- 
teorites are supposed to revolve about the earth; their 
size and periods of revolution being proportioned to the 
smallness of their primary. Moving also in very ellip- 
tical or oval orbits, they are loo distant to be visible 
during the greater part of their course, but at one point 
of their pain approach very close to the earih, and enter 
its atmosphere. 

On account of the immense velocity of the meteorite, 
the air is imagined to be condensed before it to such a 
degree, that neat is evolved of sufficient intensity to 
inflame the mass at its surface, while during this com- 
bustion gases are generated, which by their expansive 
energy, produce explosions. By the strength of thisdis- 
niptive force, glowing fragments are detached fronr. the 
surface and fall to the ground, white the meteorite itself 
passes onward on its course. 

526. It has been calculated, that the velocity of a 
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body reTolvinp aboot th« earth muet not be less than 
300 milee per minute, nor greater than 4!W. Were it 
less than 300 miles, the mass vou\d fail to the earth by 
the action of gravity; and if the rate exceeded ^30 
miles, it would pass away from the gtobe and nev«r 
return. Within these limits, aUotvance being made fof 
the motion of the earth in its orbit, and the resistance 
of the air, the body would revolve around the earth like 
th^ moon, approaching very near to its surface at slated 
periods. 

527. In support of this hypothesis it is urged, that the 
velocity of meteorites, iit general, is somewhat more than 
SOU miles per minuie, though doubtless cases have oc- 
curred ID which their speed was far greater. 

The combustion of the meleorite, through the ^eocy 
of a condensed atmosphere, id by no means improbable; 
forthoug'h the medium in which it moves wexceedingly 
rarefied, yet the velocity of the body i:^ amazing ; and 
it cat) easily be shown by calculation, that from the 
condensation thus effected, an intensity of heat would 
be developed of wliich we have no conception, (Art. 
651.) Moreover, As silica, magnesia, and potassa are 
found in meteorites, it has been conjectured, that they 
may originally exist there in the state of pure metals) 
and, that when the meteorite enters our atmosphere, 
combustion arises from the extraordinaiy affinity of 
these substances for oxygen. 

Id those instances where meteorites move at ft 
greater rate than 420 miles per minute, they are mip- 
pmed either to revolve about th« aun, and thai the e«rth 
occasionally me^s them in her annual progress ; or to 
wander through space, until they come within the supo-- 
rior attraction of some other orb, and are then com- 
pelled to revolve around it. 

What calculallon tws baea made In mpeet to a body revalvint: about 
tha earth 1 

What facts and auggmtlona are adduced In rapport of Pre«. Clap's 1^- 
potheatal 
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538. Fifth Htpothbsis. The last hypothesis is Utat 
of Chaldoi, and is explained ia Art. 365. In this thtt 
iffniiion and explosion of ihe meleorito ara attributed 
lo precisely the same causes as those assigned ia the 
fourth hypothesis. 



CHAPTER II. 
OF SHOOTHTa-STABS AJTD METEOHIO BHOWXBB. 

639. Shooting-Stars or meteors differ from meteorites 
in several particulars. They commonly possess a supe- 
rior velocity, and their altitude is generally greater ; 
bursting from the clear sky, they dart along the heaven 
like a rocket, consuming themeelvea in their course, and 
leaving behind a luminous train, which gradually van- 
ishes ill a short time. Unlike the meteorite they usually 
paas away without any explosion, and no portion t^tha 
body ever reaches the earth. Besides, they are far mora 
numerous &ad frequent ; appearing almost every night, 
and at times descending in such muliitudes that the hear- 
tens are illumined /or hours with their glowing trains. 

630. Altitude. In order to investigate the phenom- 
ena of shooting-stars, Brandes and Benzeaberg, two 
German philosophers, made a series of simultaneous 
observations in the fall of the year 1798. On six even- 
ings, between September and November, 402 ahooling- 
stars were beheld, and of these twenty-two were so 
identified, that their altitudes, at the moment of their 
extinction, could be readily computed. They were found 
to be as foUoWB : 

7 disappeared at Bltitudes under 45 miles. 

9 " " between 45 and 90 miles. 

6 " " above 90 miles. 

Of whax doei chapter oeeond treat 1 
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The least aod greatest elevations were six milea and 
one hundred and forty- 

631. Id 1823, the investigation was renewed by 
Brandes, at Breelau and the neighboring towns, oa x 
more extended scale. Between A])ril and October, IsiX) 
ahooting-starB were seen at the different stations. Oat 
of this number, 98 were observed simtUtanemtsty at 
more than one station, and afforded the means of esti- 
mating their respective altitudes. The results were aa 
follows : 

4 disappeartsd at altitudes under 15 miles. 
16 " " betteeen i'> and 30 miles. 

23 « « " 30 " 45 » 

33 « « " 46 « 70 « 

13 " « « 70 « 90 " 

11 " " above 90 « 

Out of the last eleven, ttpo vanished at an elevation 
of 140 miles, a third at 230 miles, n/ourth at 280 miles, 
and aMth at 460 miles. 

The nei^ht oifour shootia^-stars noticed by Profes- 
aoia Loomis ana Twining, in December, 18^, varied 
from 64 miles to 94. 

533. Similar observations were raado in Switzerland, 
on the 10th of August, 1838, by Wartraan and others. 
A part of the observers stationed themselves at Geneva, 
and the rest at Piancheltes, a village about sixty miles 
to the north-east of that city. In the space of seven 
hours and a half, 381 shooting-stars were seea at Ciene- 
va, and in five hours and a hiuf 104 at Planchettea. All 
the circumstances attending their appearance were care- 
fully noted, and their average height was computed at 
five hundred and fifty milea. 

633. Telocity. In the first Beries of observations 
made by Brandes and Benzenberg, only two shooting- 
stars afforded the means of determining their speed; 
one possessed a velocity of 1500 miles per minute, and 

CHve Uioae of LoomU and Twining. 
Give thaw of Wutnun, tt OeiMVB. 

What U tbelr Tsloclly Bucordlng to tho obtnTktloiia of BraodM md 
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tbat of ihe other was between 1020 and 1260 milee per 
minute. 

In the seewtd series, undertaken in 1823, the estimat- 
ed rate of motion varied between 1080 and 2160 rnilea 
per minute. At Belgium, in 1824, M. Quetelet obtain- 
ed observationa upon six of these singular bodies, from 
which he was enabled to deduce their respective veloci- 
ties, which were found to tange fram 60U to 1500 miles 
per minute. 

634. Course. Of thirty-six stars, whose paths were 
ascertained by BraodeH, the motion in twenty-six casee 
was downward, in one horizontal, and in the remaining 
niue, more or less upward; nor did they always move 
in straight lines ; for the paths of some were curved. 
either upwards or sideways; while others proceeded in 
a serpentine course. Their general direction was from 
north-east to south-west. Several examples have been 
given by Chaldni, where the luminous body described a 
semicircle, tirat risinff and ihea falling. 

535. Maqnitude. The size of shooting-stars is va- 
riable. Fire-balls, which are regarded as nothing more 
than large meteors, have sometimes appeared of a 
magnitude almost incredible. During the remarkable 
shower of meteors, on the 12th and 13th of November, 
1833, luminous globes, apparently as large as Jupiter 
and Tenus, were seen darling through the air in all 
directions. About three o'clock on the morning of the 
13th, a splendid body which appeared equal in size to 
the full moon, swept across the heaven from east to west. 
If the distance of this meteor was only eleven miles, its 
diameter must have been 628 feet, or oTie tenth of a 
mile. Amid the shower of stars that occurred in 1799, 
meteors were observed by Humboldt, apparently twice 
the size of the moon. 

536. On the evening of the 18th of May, 183S, a 
meteor of extraordinary magnitude passed over the 

Wlitl ia sold rGBpectiDg the course of shootlDg-itara 1 
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Notlhero States and a part of Canada. From the (acts 
which he collected, Prof. Loomis esiimated its diame- 
ter at 1320 yards, or three quarters of a mile, lis velo- 
city waa computed by this gentlenian to be nearly 2100 
miles a minute, itii heigbt to be 30 miles, and the 
length of its path 800 miles. The meteor was followed 
by a traia of inconsiderable extent, probably formed 
of the detached portions of the body which fell be- 
hind. 

537. Splendor. At times these luminous bodies 
present a spectacle of surpassing beauty, from their 
briUiant coruscations, extended traitts, and rick diversity 
of colors. During the month of April, 1832, a globular 
ball of fire, apparently a. foot in diameter, passed over 
Torbut, in India, early in the morning. Behind it 
streamed a train of dazzling light, which appeared to be 
several yards in length. The meteor illumined the 
surrounding country to a great distance, and after're- 
maining visible for the space of five seconds, exploded 
without noise, hke a rocKet, throwing out aumerous 
coruscattona of intense splendor. 

In May of the same year, and at the same place, a 
similar body was seen moving rapidly through the air, 
from north to south. It glowed with a brilliant mixture 
of green and blue light, and vanished in about three 
seconds, leaving a luminous train of great length. 

538. During the nights of the 9th and 10th of August, 
1839, many shooting-stars of singular beauty were seen 
by Mr. E. C. Hetrick, of New Haven. One flashed 
with e. golden green light, and another sparkled wilb 
green and blue. Meteors entirely green have at timeii 
been noticed. A meteor which swept over Kensington, 
near London, in 1839, as brilliant as Jupiter and ap- 
parently of greater size, presented the rare combmatioa 
of white light in the mass, with one edge red and tha 
opposite of a deep Hue or purple. 

On the morning of the 13tb of November, 1833, j» 
most brilliant meteor was seen by Prof Tw'niog, de- 
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Hcending tuwards the earth with maJBBtic rapidity. Its 
apparent size Taa one-fifth that of the moon, and its 
color a dem red. Il vanished whea near the ^rouad, 
leaving behind a fiery train of the aame hue, excepting 
that it displayed the priamatic tinta, especially at the 
point where the meteor expired. 

639. The usual color of meteors is that of a phospho- 
ric white tinned with red. The trains generally vanish 
in a few seconds, but they have been known to last for 
the space of seven minutes, and eveti fifteen. Tlieir 
light (as we have just seen) is not invariably of one hue, 
for at times it presents to the eye all the rich tinta of the 
reiiubow. 

HETEOHJO SHOWESS. 

640. The wondrous display of meteors in 1833, drew 
the attention of philosophers to the subject of shooting 
etare, and, from the results of subsequent researches and 
observations, there is now reason to believe, that certain 
epochs exist when these luminous bodies appear in greater 
numbers than usual, and that sometimes at the return 
of these periods they literally descend to the earth in 
showers. The beet ascertained periods are those of the 
13th and 13th of November, and the 9th and lOlh of 
August 

641. November Epoch. On the morning of the 
13th of November, 1799, an extraordinary display of this 
nature was seen by Humboldt and Bonpland, at Cuina- 
na, in South America. During the space of four hours 
the sky was illumined with thousands of shooting-stars, 
mingled with meteors of vast magnitnde. This pbe- 
nomenim was not confined to Cumana, but extended 
from Brazil to Greenland, and as far ecut as Weimar, in 
Germany. 

On the 13th of the same month, in 1831, a meteoric 
shower occurred at Ohio, and also near Garthagena, off 
the coast of Spain. At the latter place, luminous meteors 
of large size were beheld, one of which left behind it an 
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enormous train, tinted with prismatic hues, its trace con- 
tinuing visible for the space of six minutes. On the same 
day of the following year, vast numbers of shooting stars 
fell at Mocha on the Red Sea, upon the Atlantic ocean, 
and in Switzerland. The same brilliant spectacle theu 
appeared in various parts of England ; the sky being 
illumined soon after midnight by the rushing of thou- 
sands of meteors in every direction. 

643. But hy far the most magnificent display of this 
kind occurred on the night of the 12lh and morning of 
the 13th of November, 1833. It extended from the 
northern lakes to the south of Jamaica, and from 61° 
W. Long, in the Atlantic to about 160° W. Long, on 
the Pacific ocean near the equator. For the space of 
seven hours, from 9 P. M. to 4 A. M., the heavens blazed 
with an incessant discharge of fiery meteors, that burst 
in countless numbers from the cloudless sky. At times 
they appeared as thick as snow-fiakes falling through 
the air, as large and as brilliant as the stars themselves ; 
and it required no vivid imagination to suppose, that 
these celestial bodies were then actually rushing towards 
the earth. 

543, Ya rieties. The luminous bodies of this shower 
seemed to be divided into three kinds. The first con- 
sisted of bright lines traced through the sky, as if by 
a point The second of fiery bulla, that occasionally 
darted across the heavens, trailing behind them extend- 
ed and luminous trains, which generally continued visi- 
ble for many minutes. The third of radiant bodies, that 
continued almost immovabie for a considerable time. 

544. Meteors of the^r*( class occurred in great 
abundance. At Union Town, Pennsylvania, they were 
seen shooting along lOce streams o/Jfre with the rapid- 
ity of lightning; often crossing halt the visible heavens 
in less Uian a second. 

At New York, about a quarter past five o'clock, a 
meteor of the second class was beheld rushing from the 

Describe the meleoric showeTB of Novsmber, 1T99, 1631, 1S33 aod IB33. 
In the BhawGT of 1B33 how mmy kioda of meteors were noticed 1 
DMoribe thuD, and glva the innaoee*. 
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zenith, and marking tta course by afien/ line apparently 
two or three inchea wide. After passing dovnwaid to 
a coDsiderable distance, it formed into a bait of the appa- 
rent 9ixe of a man's hat, and then returning on its path, 
assumed a serperUine figure. It lay extended through 
the sky for the space of several fninutes, and then struck 
off to the west. 

A meteor of the third kind was visible in ihe north- 
east, at Poland, Ohio, for more than an hour. It first 
appeared in the form of a pruning hook, apparently 
twenty feet long, and eighteen inches broad, and t^lione 
with great splendor. At Niagara Falls, at two o'clock 
in the morning, an extended luminous bodylike a square 
table was noticed in the zenith. It remained for a time 
nearly stationary, sending out on every side broad streams 
of light. 

645. It was distinctly noticed by many attentive and 
accurate observers, that all the meteors appeared to 
emanate from a certain region, situated in the constella- 
tion Leo ; and that during the whole display this point 
was stationary among the stars for more than two 
hours; thus proving, that the source of the meteoric 
shower was beyond the tdmosphere of the earth ; for had 
it been unMm, it must have moved eastward, va the 
direction of the earth's daily motion. 

646. For four successive years, after the great No- 
vember shower of 1833, an unusual number of meteors 
was observed in America at this period. The phenome- 
non ceased, upon this continent, in 1838; but an extra- 
ordinary display then occurred at Vienna, more than a 
thousand meteors falling in the course of six hours. 

547. August Epoch. The second meteoric period 
occurs on the 9th and 10th of August. It was first dis- 
tinctly announced in 1827 by Thomas Foster of London, 

What &ct WudiidncU]' noticed by atUntivs obBerrera? 

Wlteie te iMi polDl situated 1 

VVhat Is inferred from tile circumataDce thai It was Btationuy'f 

For how mmf jean alter 1B33 did ihls pi 

Whea doei the aecond meteoric period do 

Bf whom wu It firat aimouneed 1 
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in his Encyclopedia of Natural Phenomena. Tbe num- 
bee of meteors observed al this epoch ia probably five or 
six times more than the usual nightly average, which 
has been estimated by Mr. E. C. Herrick, of New Haven, 
at not more than thirty per hour for four observers. 

648. From 1836 to the present year, scaicely a season 
has passed without an unusual display of meteors at this 
period, in some quarter of the glo&e. 

On the 9lh of August, 1839, four observers at New 
Haven beheld 091 shooting-stars in the course of fivi 
hours, a third part surpassing in brightness stars of the 
Jirst magnitude. On the eosuiug night, 491 were seen 
m the space of three hours, by the same number of ob- 
servers ; and at Vienna in Austria, during tbe same 
evening, shooting-Btars descended at the rate of sixty 
•per hour. 

Upon the annual return in 1842, 490 meteors fell at 

Parma in Italy, and 779 at Vierma. Many were like- 

. wise seen at BrusaeU. At New Haven, in the space 

of fifty minutes, 89 were seen, one of which equaled 

Jupiter in splendor. 

In 1847, at Maniius, N. Y., 415 meteors were seen on 
tbe morning of tbe 11th of August in the course of two 
hours, commencing al midnight and ending at 2 o'clock 
A. M. On the 10th of August, 1848, 475 meteors were 
noted at New Haven, in the space of two hours and a 
half, by Mr. E. C. Herrick and three other observers. 
Many of them exceeded in brilliancy slara of ibe first 
magnitude. In France, on the same night, 414 shooting- 
stars were hebeld by two observers, within a period of 
three hours and a quarter. 

549, Like the meteors of November, those of August 
appear also to radiate from a smail space in the heav- 
ens, which baa been referied, by all observers, to llie 
constellaiion Perseus. 

Shooting-stars have likewise been found to be more 



What ia said Id regard to the cecaiTeDce of IhliBhowerl 

Whit is raid respectiiig the KiUTCe of the AnguM me'jma 1 
Wberclalt^taatcdl 
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than usually abundant oq the 18th of October, the 6th 
and 7th of December, the 2d of January, the 20th of 
April, and from the 15th to the 20lh of June. 

650. Origin. Prof. Olmsted, who was the first to 
present his views upon the extraordinary phenomenon, 
which occurred on tae 12th of November, 1833, has ar- 
rived at the following coDclueions from a very extensive 
examination of facta. 

That the source of the meteors is a bodp possibly of 
great extent, composed of matter exceedingly rare like 
tbe tail of a comeL That it revolves about the sun 
within the orbit of the earth, its period of revolution be- 
ingprobahly a little lees time than a year, 

That in consequence of ita proximity on the night in 
questiixi, the extreme parts of the body were detached 
and drawn towards our globe, by the/orce of gravity. 

That its aidtude above the surface of the eaith, at its 
nearest point, was about 2238 miles ; and that the de- 
scending fragments entered the atmosphere with a velo- 
city ranging from about fourteen to twenty miles per 

That these fragments were combustible, and in conse- 
quence of their amazing velocity, the air was so power- 
fully compressed before them, that they took fire, and 
were coneumed before reaching the earth. 

651. This last conclusion will appear by no means 
incredible, when the following cone id era lions are taken 
into view. 

By 8uddenl;y forcing down a solid piston to the bottom 
of a cylinder, in which it moves air-light, sufficient heat 
can be evolved to ignite tinder; and this occurs, when 
the air within the cylinder is compressed to one-fifth of 
its original volume. Upon the supposition, that the de- 
scending fragments compressed the rarefied atmosphere 
at the height of 36 miles only to the density of common 
air, the amount of heal developed would be 46,080° 

What la >iiid of oihar peitods 1 
Detail Prof. OlmBted'i theoiy. 

What ia Bald respecting the imouDt of heat derdoped by Uw condeiua 
turn of the Btmoapheni 
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Fah.; an inteneity nearly three times greater tban the 
highest temperature of a glass-house furoace, which is 
16,000° Fah. 

55^. If the nebulous body revolves about the sun in 
a period somewhat less than a year, it tends to explain 
the occurrence of ehooting-Btars at all setisons (since the 
earth and the nebulous body would then be always com- 
paralively near each otberV and will also favor the ex- 
plauaiion of the meteoric snowers which have happened 
towards the end of April. 

653. Prof, Olmsted has been led U> suppose, from the 
whole course of his observations, that the nebulous body 
in which the meteors originated, might be identical with 
the zodiacal light. In a late article published by M. 
Biot, this distinguished philosopher also maintains, that 
meteoric showers are occasiooed by the zodiacal light 
coming in periodic contact with the atmosphere of the 
earth. 

It is not rt^rded by Prof. Olmsted as essential to the 
truth of his theory, that a shower of meteors should 
occur upon the 13th of every November 

664. In order to account for shooting-stars in gen- 
eral, including alike their ordinary and extraordinary 
displays, Euid embracing the several epochs, the views 
of Chauni have been adopted by Arago and other emi- 
nent philosophers 

666. CHALDNt's Theort. This theory consists in 
su^ftoeing, that, besides the planets, millions of small 
bodies are constantly revolving about the sun, which 
become ignited when they enter the terrestrial atmos- 
phere. They are not considered to be uniformly spread 
throughout space; but in some regions to be diffusely 
scattered, ana in others grouped together in vast multi- 
tudes, forming zones or rings around the sun ; many 
of which cross the path of the earth. 

The ordinary, nightly phenomenon of shooting-slars, 



It the nsbnlou* body levolrBi abont ths ran in ft little leu Urns tbin m 
vew, wtut doe* it tend to explain 1 
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is then imagined to arise, when the earih, in her pro- 
gresa through the heavena, traverees those legiona which 
contain onlyayeio of tliese bodies; but when the zones 
are encountered, and the globe paases amid countleaa 
DiimberB, the display is proportionally greater, and the 
meteors occasionally descend in magnificent showerti. 
Amid this vast collection solid masses of considerable 
size are supposed to esist, and should one of these enter 
the atmoiphere of the eaith, a meteorite with all its 
splendors sweeps across the sky. 

Such at present is the general state of our knowledge 
in regard to shooting-stars. 



CHAPTER III. 

OF TBE ATTSOBA BOKEAUS OR NOSTSEKN LIOHT. 

656. The Aurora Borealia is a luminous appearance 
in the northern sky, which presents, when in full dis- 
play, a f^ectaclc of surpassing splendor and-beauty. It 
has in all ages been an object of wonder and mystery, 
and still continues so ; for although many valuable facts 
have been brought to light by the investigatiooa of 
science, the cause of this brilliant phenomenon is yet in- 
volved ill obscurity. 

567. Constitution. NotwithElanding its faatastic 
motions, and momentary changes in brightness and 
color, the aurora, according to the best obger rations, 
stiL preserves, amid all its fiuctuations, certain invaria- 
ble characteristics of form "^nd position. It coDsists of 
a dark segment, an arch of light, luminous streamers, 
and a corona or crown. 

558. Dark Segment. All observers in the high 
latitudes of Europe, agree in stating, that before the 



DcKiibc the dark tegjneot. 
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DARK SEGMENT. s27 

aurora appears, the sky in the northern horizon assumes 
a darkish hue, which gradually deepens, until a circular 
segment is formed, bordered by an arch of light, extend- 
ing from east to west. The segment presents the ap- 
pearance of a cloud, its tint is light in the lower lati- 
tudes, and grows darker as we advance to the north, up to 
a certain limit ; after this the reverse occurs, and when 
high latitudes are attained it becomes so faint as to be 
scarcely visible. At Upsal and Christiana it is some- 
times black or of a deep gray, which changes into a 
violet. 

During a splendid aurora, that occurred at Toronto in 
Dec. 1835, and which is described by Capt. Bonnycastle, 
a dark, black changi^ig mass, was visible below the lu- 
tninouid arch, (fig. 43,1 and in a remarkable phase of the 
aurora, when several bright bows were seen at once, 
the interval between iha second and third assumed a 
blackness of the deepest intensity. 



559. A difference of opinion exists in regard to the 
nature of this segment. From numerous observations 
made at Dorpat in Russia, Struve infers, that the dark- 
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ness i» simply the effect of contrast with the luminous 
arch ; while, from equally extensive researches at Abo 
in Fiulaad, Argelaoder concludes, that ibe sef ment is 
something real ; since the portion of the sky it occmiiea, 
is darker than common, before the bright bow of the 
aurora appears. 

660. Abcb of Light. The dai^ segment is bounded 
by a Iwninotia arch or bow, varying in width from one to 
three apparent dkanetera of the moon. Its lower edge 
is clearly defined, but the upper is only so when the 
arch is narrow, for as the width increases, it gradually 
blends with the brightness of the sky. The color of 
the bow is a pale white, which becomes more pure and 
brilliant near the polar r^wis. 

Accwdiog to the most accurate observations, this arch 
has a tendency to place itself at right angles to the 
magnetic meridian, or in other wo^, to the direction 
of a compass-needle at rest. (C 965.) This &ct was 
particularly noticed by Lieutenant Hood, who accom- 
panied Franklin in hia uortbern expedition in 1619. 

561. The centre jt the auroral arch probably coin- 
cides with the north magnetic pole of the earth, which 
is situated in 70° N. Lat. In our own country, the coin- 
pasB-needie points to the north, and the arch crosses the 
heavens from easl to west ; but in some parts of Green- 
land, the needle is directed to the west, and the arch is 
then seen extending from north to south. 

In the year 1636, when Simpson wintered at Fort 
Confidence, in 66° 54' N. Lat., he found the needle 
always pointing to the north-east, and the auroral arches 
invariably spanning the heavens at right angles, from 
north-west lo south-east. 

At Melville (ale, in 74= 30' N. Lat., the luminous 
arches were seen by Parry in the south; the north 
magnetic pole of the earth being then in that direction. 

562. This beautiful bow of light is not stationary, 

DsBcilbe the arch of light. lu color and poudon. 

What U IM puddcHi in aame part* of QreenlAtidl 

What wu iu poiitian »t Fort Confidenca and at MeMlK Idg 1 

I* tha arch of Usht atadoiiu; 1 
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bul frequcDtly riees aod falls; and when the aurora ap 
pears in great splendor, several arches are seen at th« 
same time crosBing the sky, ascending gradually from 
the horizon to the zenith, and passing over in succession 
with their summits moving In or parallel to the magnetic 
meridian ; presenting to the eye broad belts of light, 
increasing m brightness as they appioach the zenith. 

663. No less tha.nfive such arches wore seen at once 
by Lieut. Hood ; but similar phenomena, of far greater 
beauty, were witnessed by M- Lottin at Bossekop, in 
West Finmark, duiing the winter of 1838-9. (Figa. 
43, 44.) 

Fif. 43. 



What pheiKuneiM wen behold by Liaut. Hood and H. hotUal 
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On one ot^aeion, as many as nine auroral arches 
were visible, separated by distinct intervals, and in their 
arrangement resembling magnificent curtains of light, 
hung gne behind and below the other, their dazzling 
folds extending completely across the sky. 

564, Stheamerb. Although the luminous arch pre- 
ef.rves, \n the main, its curved form, it is subject to con- 
slant changes. Now at one extremity, now at the other, 
and again at intermediate points, a cloud of light will 
break suddenly forth, separating into rays which stream 
upward like tongues of fire, moving at the name time 
backwards and forwards, along the auroral bow. 

The origin of the streamers is in the luminous arch, 
from which they rise in the form of tapering rays or 
pencils of light, ever in motion, and continually varying 
in brilliancy, number, magnitude, and color. At one 
moment, a ray is just visible above the arch, faintly 
glowing in the sky; at the next it is seen shooting ap~ 
ward in a pyramid of fiame and at the same time moving 
majestically across the heavens. As suddenly its bright- 
ness fades, and as quickly it is again beheld, dashing 
forth with renewed splendor. 

565. Color. During the extraordinary displays of 
the aurora in our own latitude, the sky is frequently 
seen BufTused with a flush of rosy light, while the 
streamers assume a crimson hue. In that which oc- 
curred on the night of the 14th of November. 1837, 
the upper extremities of the streamers were of the deep- 
est scarlet, while below they were brilliantly while- But 
the richest tints appear in the arctic region?. In the 
auroras witnessed at Bossekop, the rays, at their base, 
glowed with a blood-red hue, the middle was of an em- 
erald green, and the rest of a pure transparent yellow. 
During a brilliant display that occurred at j'ort Con- 
fidence, on the 5th of March, 1839, the rays were tinged 
with red, purple, and green. 

666. Corona or Ceown. The vivid raya that dart 
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lorth from the luminous arch not unfrequently unite at 
a point near the zenith ; forming a brilliant mase of 
light which is called the corona or crown. The aurora 
then appears in its greatest splendor ; the sky resembles 
a fiery dome, and over the streamers, which seem like 
pillars of varieraled flame supporting the corona, radiant 
waves and flaslies of light pass in quick succession. The 
luminous columns at this time are apparently shaken 
and wave with a tremulous motion ; whence they have 
rec«ived, uuder these circumstances, the name of merry 
dancers. 

At Bossekop, this radiant wave was seen by Lottin, 
crossing and re-crossing with rapid undulations the 
whole broad field of auroral light. These coruscationa 
are generally attended with color. 

567. When, in the northern hemisphere, a needle is 
delicately balanced upon a horizratal axis, iis north 
end immediately dips doiDnward upon its being magnet- 
ized. Such an instrument is called the dipping-needle. 
(C. 998.) The streamer's of the aurora assumethe Aa»i« 
direction as the dipping-needle, and are parallel to each 
other ; hence the corona is not formed by any actual 
union of the streamers near the zenith. It arises from 
an optical illusion. When we look across an extensive 
Geld of corn, the rows, at their remote ends, seem to ap- 
proach each other, as if converging to a point ; though 
we know that they are three or four feet apait, tlirough- 
out their whole distance. In like manner when we 
gaze at the auroral streamers with their bases at the 
horizon and their summits at the zenith, they will in like 
manner apparently converge to one point, forming the 
corona, whose centre is in trie line of tne dipping-needle. 

568. Within the dark segment streamers of the same 
color are frequently seen, rising and falling like columns 
of smoke, changing their hue m a momeni, and possess- 
ing all the motions of the luminous rays. Like the 

Dncribe th« coroiuu 

When docB it appeul 

How Ii It fanned 1 

What 1> obMTT«d witUn Iba dufc nsnuot 1 
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latter, their line of direction b parallel to tbat of th« 
dipping-needle. 

569. Extent. The aurora is not a local appearaDce, 
for it is beheld eimiiltaneously in places widely separa- 
ted from each other. Thus, od the 5th of January, 
1769, the same aurora was seen in France and Pennsyl- 
vania ; and a magnificent display occurred on the 7lb 
of January, 1831, which was visible at Lake Erie, and 
throughout northern and central Europe. Another 
aurora, that happened on the 3d of September, 1839, 
waa seen at the Isle of Sky, 57° 22' N. LaL, at Paris, 
New Haven, and at New Orleans. 

570. The beautiful phenomenon of the northern light 
a not contined to the aorthem hemisphere. An aurora 
auatralis, or southern light, was i^erved by Don Ulloa, 
at Cape Horn, in 1745 ; and various diaplaya were seen 
by Capt. Cook, in the high southern latitudes, at the 
same time that the northern lights were visible in Eu- 
rope. 

In the late Ex|^ring Expedition, during the southern 
cruise of the Peacock and Flying Fish, several brilliant 
auroras were seen, which are thus recorded. On 
the 18ih of March, 1839, there was " a beautiful display 
of the aurora anstralis, extending from S. S. W. to the 
east ; the rays were of many colors, radiating towards 
the zenith and reaching an altitude of 30". On the 
19th, ill about 68° S. Lat, another display was wit- 
nessed which exhibited a peculiar effect. In the south- 
ern quarter of the heavens there was the appearaace of 
a dense cloud, resembling a shadow cast upon the sky, 
and forming an arch about 10° in altitude. Above this 
were seen coruscations of light, rendering all objects 
around the ship visible. From behind this cloud, diverg- 
ing rays frequently shot up to an altitude of from 25° to 
45'. These appearances continued until the day 
dawned." 
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671. Height. The height of the aurora has been 
variously estimated. The earlier philosophers computed 
lis attitude at several hundred miles ; but a much lower 
limit is aeai^ned by later observers. An aurora which 
appeared ia March, 1826, at different places ia England, 
was calculated by Dr. Dalton to be 100 miles high. 
Oliservations for determining the elevation of the ^lea- 
did aurora of January 7lh, 1831, were made by Christie 
and Hansteen, but their computed heights varied from 
23 miles to 120. 

In the brilliant display that happened on the 14ib 
of November, 1837, the estimated altitudes were even 
taoie diBcrq>ant, varying from one to two hundred 
miles. 

A very distiiwt auroral arch was seen at various places 
throughout the Northern and Middle States, at about 
ten O'clock oa the night of the 7lh of April, 1847. 
From the obeervations taken by Mr. E. C. Herrick, at 
New Haven, Ct., and Dr. P. W. Ellsworth, at Hartford, 
Gt., the height was computed by the former gentleman, 
and found to be one hundred and ten mUes. These 
observations having been made under favorable circum- 
elances, aud being accordant with each other, this re- 
sult is entitled to great confidence. 

The height of the northern lights is obtained in the 
way that has been already described ; but such is their 
fitful nature and varying form, that two distant observers 
can scarcely ever be sure that they have measured the 
angular height of the same part of the aurora. Hence 
arise these discordant calcumtions u^n the same phe 
nonienon. 

572. There is eveiy reason for believing, that the 
auroral light is at times verif near the earth, aud even 
within the region of the clows. 

During tlie polar expedition of Franklin, in 1820, ob- 
eervations were taken by Hood and Richardson, upoa 
three auroras, at stations eighteen leagues distant fiom 
each other, and the heights which they obtained, were 
found to vary from sij: ro seven miles ; while an aurora 

Beials Id full iha catcnlMloM rejecting tl» bri^t of ttw nonlMn UcbMi 
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beheld by Farquharson, of Scotland, was cnmpnled lobe 
aa low ae 43()0 feet. Franklin thus remarks : " The fact 
that the aurora exists at a less height than that of dense 
clouds, was evinced at Fort Enterpriie, on two or three 
o«;o«(ww,during the night of the 13th of February, 1881, 
and particularly about midnight, when a brUliaiU mass 
of light, variegated with the prismcUic colors, passed 
between a uiiifomUff steady, dense cloud and the earth. 
In its prepress, that poition of the cloud which the 
stream of light coverea was completely concealed until 
the coruscation had passed over it, when it appeared as 
before." 

573. A similar, but more extraordinary phenomenon, 
which occurred during his third Arctic voyage, is thus 
related by Capt. Parry. " While Lieutenants Sherer, 
Ross, and myself were admiring the extreme beauty of 
the northern lights, we all simultaneously uttered an 
exclamation of surpiise, at seeing a bright rag of the 
aurora shoot suddenly downward from the general mass 
of light, and between us afid the land, which was there 
distant only thr&e thousand yards. I have no doubts 
that the ray of light actually jtaMed within that dis 
tanee of us." 

674. SoONDfi ATTENDING THE AuRORA. It has 

been asserted, that the aurora is sometimes accompanied 
by a noise like the rustling of silk, or the soutut of a 
Jire when excited by the wind ; but much difference of 
opinion has arisen upon this point. Those who are 
incredulous in this particular, aflirm thai the noise in 
question may be nothing more than the murmur of the 
ocean, or of the forecit ; the rustling of the snow as it is 
driven by the wind, or the crackling sound that arises 
from its freezing ; all which, it is said, might be easily 
aiti'ibiit^d to the aurora, when the mind is excited by 
the wondrous spectacle, and susceptible to every illusion 
— the splendors that burst upon the sight, and the sounds 
which strike the ear being then referred to the same 
origin. 
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575. Scoresby, Richardson, Franklin, Parry and Hood, 
during their Polar expedilions, neuer heard any sound 
which they considered as proceeding' undeniably from 
ihe northern lights, though hissing noises were heard 
during the auroral displays which were attributed by 
them to one or more of the preceding caunes. These 
obaervers do not, however, deny, that at times audible 
sounds proceed from the aurora, and even express such 
a belief, founded upon the concurrent testimony of the 
natives of the arctic climes. 

576. Credible observers in Iceland, Siberia, and 
Scandinavia, have never Aeard these singular sounds; 
nor were they perceived by the French scientific expe- 
dition, which wintered at Bosseltop, in 1838-39; but 
Hansteen claims to have ealablished their existence from 
a series of observations in the high northern latitudes. 
Upon this subject, Simpson thus remarks in his Nonh- 
ern Discoveries when epeaking of a brilliant aurora seen 
by hia attendant, at Fort Confidence, on the 5th of 
March, 1839, "The aurora seemed to ascend and de- 
scend, accompanied by an audible sound resembling the 
rustling of silk. This lasted about ten minutes, when 
the whole phenomenon suddenly rose upwards, and its 
splendor was gone. Ritcli is an intelligent and credible 
person, and on ({uestioning him closely, he assured me 
that he had perfectly distinguished the sound of the 
aurora from that produced by Lbe/reezing of the breath, 
for the temperature was forty-four degrees below zero. 
I can therefore no longer entertain any doubt of a fact 
uniformly asserted by the natives^ aod in:jisted on by 
my friend Mr. Dease, and by many of the oldest resi- 
dents of the fur countries, though I have not had the 
good fortune to hear it myself." 

577. Time. The appearance of the northern lights 
is not confined to any particular hour of the night, a 
fact which is fully proved by the circumstance that the 
saws display is frequently witnessed at places widely 
diSering in longitude. Thus, if the aurora exteuds 
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from BoeloD, Masa., to Berlin, in Germany, and is bu- 
bekl simulbto«oualy at these cities, the difference in the 
reckoning of time will be nearly five hours and a half 
(C. 939). 

678. There is much reason for believing^ that the aurora 
sometimes occurs during thA day, though rendered invis- 
ible by the presence of the sun. Richardson perceived 
at Bear Lake, the molioa of the aurora before the entire 
disappearance of twilight, and even during the day be 
discerned clouds, arranged in caiumns and arches, resem- 
bling those of the nortnern lights. Besides, as we shall 
show hereafter, a brilliant display of this phenomenon 
is always accompanied by a greater or less disturbance 
of the moffnetui-nsedle, (C. 997,) and as these disturb- 
ances lake place in the day as well as in the night, it is 
reasonable to infer that they are caused by the presence 
of an invisible aurora. 

679. pREaneifCT. This phenomenon is more fre- 
quently seen in vni^er than in summer; we must not, 
however, hastily conclude from this circumatance, that 
the number of auroras during the former season is actUr 
oily greater, for the increased length of the nights du- 
ring the tDinter would enable us then to see more dis- 
plays of the northern light, even if the times of its occur- 
rence were equally distributed throughout the year. 
About the period of the equinoxes they abo appear to be 
more frequent. These facts are shown from the fcJIow- 
ing table of Kaemtz, which gives the number of auroras 
tiiat have been seen in each month. 



January, 229. July, 87. 

February, 307. August, 217. 

March, 440. September, 406. 

April, 312. October, 497. 

May, 184. November, 285. 

June, 66. December, 225. 

Wfar !■ Il ■nppoaed somMlmM to oooiv to the dkf 1 
Wlwt li nld mpectlDg the ttvpwoef of Ita ■ppwnim In irim 
soiniMil Radia i1m tabb. 
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680. Iq addition to this annual variation, there ap> 
pears to be another which extends through a consider- 
able number of yeai-s, but of which very littie is known. 
Thus, from 1707 to 1752, the northern lights became 
more and more frequent ; but after the btter date, a 
period of twenty years occurred, in which they dimin- 
ished in number. 

An increase in their frequency began in 1830, and 
since that period many magnificent displays have been 
witnessed. 

The number observed for the last ten years, at New 
Haven, Ct, by Mr. E. C. Herrick, is shown in the fol- 
lowing table. 

From May, 1838, to May, 1839, ''™'"'^™ 

" 1839, " 1840, 36. 

" 1840, " 1841, 36. 

« 1841, " 1842, 21. 

" 1842, " 1843, 7. 

" 1843, " 1844, 7. 

" 1844, " 1845, 12. 

" 1845, " 1S46, 19. 

" 1846, « 1847, 20. 

" 1847, " 1848, 28. 

Between the 12tb of Seplemlier, 1838, and the l&fa 
of April, 1839, no lees than <me hundred and forty-three 
distinct auroras were seeu by the French observers at 
BoRsekop. They were most frequent at the period 
when the sun was below the horizon, viz. : from the 
17th of November to the 25th of January. During this 
night of ten weeks, sixty-four auroras were visible. 

581. DrsTUKBANCE OF THE Maonetic-Needle. 
During the prevalence of the aurora, the compass-needle, 
instead of remaining motionless, in the magnetic meridi- 
an, is often much disturbed. Sometimes it is deflected 
toward the east several minutes and even degrees ; then 



Is there an; other probable vi 

Recite the table. 

WImi la nld nvMQng the dWintAniia of the conipsw4iMdl« 1 
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it b agitated, and returna either slowly or rapidly, to 
the meridian, which it parses at times and moves 
toward the west. These deviations are as chan^abie 
as the phenomeaon itself. When the arck is motionless 
the needle is quiet ; its disturbance commences when the 
streamers begin to play. 

582, Franklin observed at Fort Enterprise, that the 
disturbance of the needle was simultaneous with some 
change in the /orm or action of the northern lights, and 
that after being deflected it returned to its former posi- 
tion very gradually, not resuming it before the follow- 
ing morning, and sometimes even not before noon. 
Moreover when the auroral arch was either at right 
angles to the meridian, or its western extremity north 
of west, the needle was d*>fiected toward the west ; but 
if its western extremity was south of west, the needle 
moved toward the east. 

During the aurora of November 14th, 1837, the en 
tire range of (he needle at New Haven, was observed by 
Messrs. Herrick and Haile to be nearly six degrees. It 
was not until the morning of the nest day, between 
seven and nine o'clock, that the needle was at rest in 
its usual position. 

683. This effect upon the magneli(^ needle during the 
prevalence of the northern lights, was noticed for the 
first tim.e by Celsius and Hiorter, at Upsal, on the Ist 
of March, I7'41. 

584, It is asserted by Wilke, that when the aurora 
appears in great splendor, the position of the dipping- 
needle is as variable as that of the compass-needle ; the 
former rising and falling with the northern crown. 

Hansteen nas also observed, that the dipping-needle 
descends very much beloio its usual position before the 
aurora is visible ; but that after the diisplay commences 
it begins to rtl»e ; and more rapidly in proportion to its 
brightness. The uesdle then slowly resumes its origi- 
nal position, which it frequently does not attain unul 
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twentjf'faur houra have elapsed. From aumerous ob- 
BervatioDS at Bassekop, M. Bravais has likewise obtained 
the same results. 

585, Cadse. No satisfaciory explanation has ever 
been given of this singular phenomenon : that a connec- 
tion esiste between the aurora and the magnetism of 
the earth, is evident from the preceding facts ; but the 
nature of that connection ia still unknown. 

To trace all the hypotbesea which have been started 
would be an unprofitable tasic ; but a glance at some of 
the most promioent may be given. Canton supposes 
the aurora to be caused by the passage of electricity 
frompo*i((t)etoneg'<i/iweclouda, in the upper and rarefied 
regions of the atmospnere. He adduces in support of 
this view the fact, that when the air within a long, glass 
tube is rarefied, and electricity passed through it, the 
wbole tube is illumined by ^flashes of light traversing 
its entire length. It may, however, be stated in reply, 
that the general height of the northern lights far exceeds 
that of the highest clouds. 

586. Beccaria supposes, that there is a constant cir- 
culation of the electric fluid from north to south, and 
that the aurora is seen, whenever the electrical current 
passes nearer than usual to the earth, or the stale of the 
atmosphere is such as tn rendftr it luminous. Faraday 
has demonstrated, that the eleciricity of the earth neces- 
sarily tends froiu the 6ifuatot tmoards the poles; and 
has suggested, that the aurora may possibly arise from 
an upward current in the atmosphere flowing back from 
thepoles towards the equator. 

Kaemlz conjectures, that since a spark is perceived 
every time an elec'ric current produced by a magnet is 
broken, the northern lights may perhaps he caused by a 
rupture in the magnetic equilibrium of the globe. At the 
same time, however, he utterly disclaims the idea of ac- 
counting for all the circumstances of this wonderful phe- 
our present imperfect state of knowledge. 
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687, Utility. The li^ht of the aurora, from its fre- 

3ueacy and eplendor, serves materially to relieve the 
arkness aad ealiven the gloom of the long polar night. 
During this period, its play is almost iacessant, (Art. 580,) 
and its coruscatioos exceedingly vivid and beautiful. 

So brilliant is the aurora ia these regions, that Mau- 
pertius and others, who were sent to Lapland in 1736, 
by the Academy of Sciences of Paris, for the purpose of 
measuring an arc of the meddiau, were enabled to pur- 
sue their difficult work by the light it afTorded, long 
after the sun bad ceased to be visible. And Maupertius 
remarks, that its light, together with that of the moon 
and stars, is sufficient, during this season, for most of 
the occasions of life. 

Wbat nwAil pnrpoae doM the ■oron >ub«rTg in ths potar ngiMMl 
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baTB been leaned in Ihle or any nlher langaafe. If tbey were univertaUy oied we 

more likely to Hire llie and for whioh It was deaif ned-^he atreniibenlug and 



claeneas of Its mliw, Ibe manner of Iraitlng proeody, and tbs conjujialioni of Iha 
vsrha, anperigr to any other. If hie Oreek Aeadet la aa (ood ai Iba Lalln Reader, we 



tt li alnwM nperllainu W paUiih at 

WllUn Ita* laa« Ibw moulu Dr, Bull . 

into the PtiUie, and many of Iba Private S 
Illfh Sehinl, the Cily Notnial Scbml, of the eliy of Bi 
BndnwuaT and W«tlle>d ; Harlborangb Academy i cltli 
ate.'iitn. ; Potunoulh, Coneord, and aeiaral academic 
wadontad In Albany and Troy. Now York. They are ui 
mini In New York, and In many of the moel flonrlebinf Ir 
tbe mion. Alio. Id tbe Pnbllo SEbooK o( Wajhlugton, 




.-, Google 



fanner. Bract <f Co't Puilicalioiu. T 

ThB Fublllhen tM JosILflad In eULmlnf Ilul IIh StadnaU' Ssrlai li deoidedlT lU 
ftut tbr leutUng leading, nod apeUingilm hM yet sppsarod. Tllo plan of iBuchliig 
InislndeB, in the Ant ileps, an ingenious end aiijiiul made of repelKlon viilcb li 
TacT plsHlng and «acaursglii|; lo Ibe pupil. The Urn bjski of Ilie ■ailes en Terr 



on: "/( u 









JVom C. B. Caona, N. T. 
I In, In m; nplnioa, Oubeslin tui. I belisTe i < 
ciumucltiWlthllieaainsUlKir, astlierwDTiLdf 
r Ihia Seiiei eioel In tlie purity aju] utrBctien 



BB. OOKBTIXXS 8ESIS8 or BOOKS OH THE SCOSCBa, via: 
Siarm or NxToau FHiLuaarHT, aewiy mlaed and enlai|ed, iaciuding iata 

Elimehth or CHiHiaraT. Adapted lo llw preaeM atateof the Science 1 

Thb YouHS BoTiwHT. New edition 

E^IMKHTioT Bdtiht. Irududlni Venlstde Piijaiolafy, and a Deacriptiim of 
Coromon Pianie. Willi Cnie 1 



. Highly mnKralBd 
liliietrilDdmttl nvDi 



Taluahla foalnre 

^iTUBiL HlHtOBT OF BUST 



Ali tiie abaie worka >ie fDlly Ulnatmed by eletnnt ddis. 

The PliUaaDptay baa beeD npubilaiwd in Beotiand, and tranaiated (tor the naa o 
■clioola in Pnuaia. The many •dnable additleni to the work by iti irsneallantlc 
edilon, Prof. Leea, oTEdlDlHiiil, and PioT. Iloblyn, of Oxford, hue been eDibraoad 
by the anther in lila iaat reiialoa. The ChemiKry bia been enllraly rerlied, and 
eanlaiUB bH tbe tale dlHOTwlea, toietlier wilU melliodi of analjElni mineral* and 
melala. Poitlona oCtlie Berlei are To courae of pnbiicatloa In London. Sucli teili- 
mony, in addition to the leneral good tea llmaoy nt leachem iDthia coimlrT, is aufli- 

ara lo replaoa the Pbikmrohy in aehooli whom, for aiimo, ii baa given way to other 
boDka. The atyle of Dr. Ciunataek la ao cle«r, and hie arningemeni ii ao eiceUenI, 
that no writer can be Iband U eiiail him (Or achool pnrpoaea, and he takea cooataDI 
painatolhctndeiuwdiaaoveiM, and to eonanit eminently ieientiflc mna. 



HOH. J. OLSEY>B OBOaBAPHIOAl SEBIBB, 
Ppikart GEoaRAPHT 1 with Colored Mapa. 25 cents. 
Qdarto Geoorafht ; with elegant Cute, Physical Geogror 

pli]rTaUe«,MaportheAllanti«OeMD, Ac. TScBUa. 



i^v Google 



8 Fanner, Brace if Oa'i Puhlicaiitnu. 

Olney'a School GEOoEiPHv and Atlas. Containing An- 

tlint Osofrsiitij, Fbyilut Ocoinphy, Tsbles, an snllretr naw Chin of ids 
tod ilaD niTlhgpiirpiiHarrsTlgwliiliauwiir; ilsD ■ Ctuonoliitlistl Tibia ofDlacu- 



All Itn rennt Impramnenu m tnglnded In OLoay'a Qaarlo and Scbaol G»pa- 
pblst. Ther are pal obgoieu or oDi of diM, bat laSj " op to the Ham." In tin- 
Mr, Oine; Enmmenced ibe pliusl almplirilDgibe Brst legHon, and lucbJni 1 cbUd 

Ing only IhoBo Iblngs repr«»cnled on Ihe maps wblcb Ihe pupil wai reijulKd 10 
leira. Hb origmaleS Ibe eystem of claisIBcalion, ind at ilinwin^ lbs goVBrnmeul, 

Ibe eanh b; meuia ollba AILaa. Hlaworka flnleonUlnedcnW. inxbicb IbedrcBa, 
■tcUuctsra, aDiiiiala, Inleraiil bnproTemebW, *c., of eacb eooBlrr an grouped, lo 
aa M bo (Mn at om Tkw. HU worka Oiat eoBtalaad the world u known loitae An- 
denta, aa u (Ud ta ABdant HinoTT, and a Synoinla of Pbyalcal GeognpliT. wiib 
napa- In aboit, wa bave aaea no TBluabla fbatora in an j (aograpby whicb bu not 

many napael*, niMt atUr worta an eapjaa or ibcaa, W« ihlDk ibai a/sir aiU 
UMid tzoiBinaluii will >bow (bat OlD^a Allag i> tba largsal, iddii ayalemalLc, 
and oamidMo of any yal pnUlabad, and that ibe ijaarts and Kodani Schocri Oeogni- 
phlai conlala mon matter, and Ibat better arranged, ttian an; ilmilar worka ; and 
tbeyan dealnd to teat tba clalma bare aaaertad. 
It ia Inpoialbla to alia bare mon tban a frBellonil _rart of the lecommendltionB, 

tqodBrata remuneration wUl ailgw. Coplea eappUed to leacbera lor tbalr own oaa at 
one-flftb offfyomthe retail price, andpoatafe paid. Large loalltuUona an fqmiabed 
aampte coplsi without charge. 

FARMER, BRACE & Co. 

Vo. 4 Oortiaudt Sbtrt, V«w Imk. 
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